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*Factor and Output Market Effects of Technical Changes

and Public Investment Policies in Agriculture

Hans P. Binswanger and Jaime B. Quizon

Introduction

This paper presents a class of partial equlibrium models which
investigate the effects of technical change and shifts in factor
supplies and output demand on the equilibrium prices and quantities
of output and factors of production in a particular sector of the
economy. While the modgls can be applied to any sector they have
been built with agriculture in mind and we will use this sector to talk
about the models.

The models are extension bf earlier work by Evenson and Welch
(1974) and Evenson (1978) who treated a case of a sector with one
producing region and two factors of production. The key idea of that
model was to trace simultaneously the effects of technical change,
factor supply shifts and output demand shifts on equilibrium prices
and quantities in the land, labor and output markets. I
these markets both demand and supply are assumed to be price respomsive.

This early effort provided many insights. However since it
used a production function framework it was difficult to extend to
more than two factors of productién, more than one region or more
than one sector. Binswanger (1978) reformulated the model in terms

of cost functions which made it amenable to such extensions and also

put it into a framework in which was easier to estimate the required
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parameters for empirical implementation.

The paper here is part of a larger project to formulate and esti-
mate a model of factor and output price determination for the rural
sector of India with several regions and a substantial number of factors
of production, using the basic approach of the Evenson-Welch model. It
is clear that for a many factor-many region model the number of analytically
derivable solutions will not be very large. In this paper the basic
equation system for this class of models is developed, starting with
systems of factor demand and output supply equations which can be
estimated empirically. This will be done in section 1. (In 1atér papers we
intend to apply this model to India and the Philippines to evaluate the
income distribution impact of policies aimed at changing rates and biases
of technical change and influencing factor supplies and oﬁtput demand
in different regions.)

Here we want to use the same systems of equationé to derive
analytical results analogous to the Evenson-Welch model at the
largest possible level of generality, by increasing the number of

[ | 1. Pree.
nd the number of regions.

of equation derived first forms a class of models of which we will

consider several submodels. The submodels are distinguished by (1) the

number of factors in price responsive supply, (2) the number of
factors in exogenous (fixed) supply, (3) the number of factors in
infinitely elastic supply (or factors with fixed prices), and (4)

the number of regions. The models are described in the table below
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with the sections in which they are discussed.

Model Class

Section No.

2

Evenson/Welch
2/0/m
2/1/0

1/1/0/ML

1/1/0/1L

No.of Price No.of Factors No.of Factors
With Fixed

- Supply

Responsive
Factors

2

2

0

0

With Fixed
Price

0

m

Regions

2,with mobile
labor

2,with immobile
labor

In agriculture it is often useful to consider the supply of land

as fixed and that is the rationale for the development of those models above

where land is fixed.

Furthermore, intermediate inputs are often supplied to

the agricultural sector from other sectors that are able to expand

production éasily and whose prices can therefore be considered to be

technologicalily determined or fixed exogenously. One of the submodels,

therefore, treats the case wherein such factors are in infinitely elastic

supply.

Sections 1 and 2 discuss the approach and develop the first model

with a verbal discussion of the results.

models. Sections 6 and 7 return more to economic implicatioms.

Note that this paper 1s an inventory of distributional

Sections 3, 4 and 5 are .

mainly proofs, repeating the pattern of sections 1 and 2 for different

effects for a large class of cases. Its use would primarily be for




readers interested in particular special cases fér which they can make
use of specific equations. Furthermore, the approach is far from ex-
hausted. For example, we do not speéifically develop the equations for
the quantity effects. However these effects can be solved for by com- .
bining the factor supply equations of the models with the factor price solutioms,
“and the output demand equations with the output price solutions in a
straightforward manner.

Sections 1 and 2 and Appendix A follow closely‘a set
of unpubliéhed notes by Binswanger (1979) while Section 3 and Appendix B
are largely drawn from chapters 2 and ‘Aé» of Quizon (1980).

Finally note that a complete list of symbols is given in table &
ét the end of this paper. Furthermore many of the proofs involve a
set of relationships which has been summarized inibble 1 for easy

reference.
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1) The basic model and its relation to cost function and technical

change parameters.

The models of this paper are based on profit functions which
correspond uniquely to production functions. However, for the interpretation
of technical change parameters we also need the link between the profit
function and cost functions and we breifly digress on this issue.

The correspondence between cost functions and variable profit functions.

We start from a production function Y = F (V,t) where
Y is output, V is a vector of factors of production and t is a technology
shifter. The following conditions are imposed on the production function:
(a) It is twice differentiable in V and (b) homogeneous of degree
1 in V; (c) strictly increasing in V; (d) strictly concave in V over
its effective domain; (e) and Y is finite for all finite V and unbounded as V

approaches infinity. 'For a discussion of these conditions see Jorgenson

and Lau (1974). Profit functions also exist under weaker conditions, but the

conditions above are necessary for the correspondences to hold on which this

paper is based. )
Let U be the prices of factors of production which are exogenous

to the firm and let producers minimize cost of production C* = V' U, Then
a unique cost function exists C = C* (¥, U, t) obeying certain regularity
conditions. A unique set of factor demand curves and monotonicity

conditions is given by Shephards lemma stating that

(1-1).3_% =V, =V, (T, U, 8) >0
1

The cost function and the factor demand curves defined by the
production function and the cost minimizing problem correspond to each

other and to the production function in a one to one fashion. (For a
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full discussion of these one to one relationships see Jorgenson and Lau,
1974). This means that information about the characteristics of the
production process can be recovered from either the factor demand curves
or the cost function.

The vector of inputs can be partitioned into variable and fixed
inputs V = (X, Z) where X are the variable inputs and Z the fixed inputs.
The corresponding vector of factor prices might be rewritten as U = w,s)
where W and S are the prices of variable and fixed factors respectively.
Enterpreneurs, instead of minimizing costs of all factors with a fixed
output,'ﬁay maximize variable profits I*-= PY - X'W subject to F(X, Z, t)
(where F 1s the same function as the-one used for the cost minimization
problem). A unique variable profit function I* (P, W, Z, t) corresponds
to.this problem with Shephard's lemma providing the following unique
factor demand and output supply equations and monotonicity conditions.

a.2) -x, = I, (W,p,z,t) < 0
¥ =0, (W,P,z,t) > 0
where I, is the derivative with respect to the output price P and

Hi is the derivative with respect to input price Wi.

Production function variable profit function and factor demand

curves correspond to each other in a unique one-to-one fashion, i.e. information

about the technology can be recovered from the variable profit function or the

output supply and factor demand curves and vice versa. The uniqueness of
the duality relation between the production function and the set of cost
minimizing factor demand curves (1.1) and the uniqueness of the set of

the duality relations between the production function and the profit
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maximizing output supply and factor demand curves in (1.2) implies
further that (1.1) and (1.2) are related to each other in a cﬁe—to—one
fashion, i;e. that we can recover all information in (l.i) from (1.2)

and vice versa. We now return to stating the model in its profit

function version.




The Profit Function Formulation

These factor demand and output supply equations in (1.1) have

_ the following slopes and symmetry conditions, in addition to the monotonicity

conditions discussed before.

1 . 1 . - - -
(1.3 W W 045 Tyq
f 1
1.4) a & - - I
W, 3% Ty ¥

where the subscripts denote derivatives of the profit function with -
 respect to the prices of the variables indicated in the subscript.

Differentiating the equations in (1.2) totally and changing

signs
a-l ax, ax,
(1.5) X, = - 121 nij clwj ~ My dP + 55=d2 + 37> dt
n-1 3Y 3Yi
dY = 351 an dwj + Ly, dP + 55 dZ + 5o de

Now for any variable Q let its rate of change over time be denoted

=291
as Q' at Q.

Then the above equations can be transformed into rates of changes.

(1.6) ' n-1 '
X, = I B, W, +8

¥
P'+ 8, 2% +E
1 gu1 1373 iz

iy i

n“l ']

]
t *
RAL TR SR R
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The notation is explained in (1.7) where the right hand side also

provides relations among elasticities which follow directly from

the symmetry constraints (1.3).

(1.7)

Elasticities of factor demand
with respect to factor prices

Elasticities of factor demand
with respect to output prices

Output supply elasticities with
respect to input prices

Output supply elasticities with
respect to output prices

Share of factor i in total
output

Factor demand and output supply
shifts due to techmical change
given output and factor prices

Factor demand and output supply
shifts due to a shift in supply
of the fixed factor.

1
Byg = Tyy ¥y/Y
fyy = Tyy P/Y
A
= PY
E' - .a_xi..l_
i X,
t
- Y 1
Ey 3t Y
Bjp and By,

Note further that profit functions are homogeneous of degree one

in input and output prices. Therefore the factor demand and output

supply equations (1.2) are homogeneous of degree zero in input and

output prices, which implies that

(1'8) ;Blj + Bi'Y = 0

g . + =
BYj BYY 0
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For the theoretical discussion we admit only one fixed factor Z,
which we will call land. There may of course be more than ome
fixed factor in any empirical application and then this can be
handled straight forwardly. For theory purposes we can also
regard Z as an appropriate index of all fixed factors with the fixed
factors separable from the variable factors.

If the production process is homogeneous of degree ome in
all factors of production (variable and fixed), then the profit
fuﬁc#ion is homogeneous of degree 1 in the fixed factor (Diewert

1978). This implies that

= B = ]

(1.9)  By; = By

and this will be assumed throughout.
System (1.6) can be closed by first adding n factor supply

equations in rates of changes

t

i

' *
(1.10) X, = e W +X
* .
where ey is a factor supply elasticity and Xi are exogenously given
rates of increase in factor supply. Second we add an output demand

curve
] ' *
(1.11) Y = aP +D

*
where a is the output demand elasticity and D is an exogenous demand

shifter. Now consider the three factor case with one output where
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L = labor, K = capital, W= wage'rate and R = capital rental rate,
and Z 1s the third factor land. Cases with n factors are obvious
generalizations. Combining (1.6) with (1.10) and (1.11) leads to the

following matrix formulation

'~

BL " "L P By Z* - B

.

R'] = | R* - 2% - EK

g

BrL %r T ®x

[_BYL Byx - Bi’Y-ﬂ L_P'_J -D*-z*-ﬁru.

The extension of (1.12) to the case of many factors is obvious and

can be written in more compact notation as

' *
(1.13) GW = K

where G is called the excess elasticity matrix since it has excess

elasticities on the diagonal. Note that
(1.14) G = [B - €]

where B = [ ] 1is the elasticity matrix and € = diag [eK, €., a].

, Bij L

%
W 1is the vector of endogenous rates of price changes and K 1is
the vector of exogenous rates of changes in factor supplies, outpﬁt

demands and technology shifters.
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The solution to the system obviously is
(1.15) W' = ¢ g*

1
which exists 3 is nonsingular.

With numerical estimates of the relevant parameters one can

therefore always solve for the dmplied changes in factor prices and output

prices of anvy known combination of changes in factor supply, output demand

and technology shifters. Given the price changes one can find the changes

in input levels and output levels via equations (1.10) and (1.11.) Using

equation (1.23) given below onme can also solve for the implied chahge in the

land rent, S, i.e. for s'.

Before proceeeding we briefly point out the link
of the analysis of the quantity and price effects with the analysis of
producer inc¢omes and theilr income distribution. It is possible to measure

the nominal income impact of the change in factor prices om a specific

producer. Let 61k be the share of income of producer k arising out of
factor i, and let Mk = Lkw + Kkg + st be income where Lk’ Kk and Zk are

the fixed quantities of factors owned by the producer and used in the sector
2
considered his income change then is

LI ' ' '
(1.16) M x 6Lkw + GKkR + SZk S

1G will usually be nonsingluar if at least one of the elements of (e,, a) is
nonzero. The B matrix is derived from the Hessian matrix of the pro%it function
in the appendix. If there are n inputs and one output the Hessian matrix of the’
profit function usuallly is singular of ramnk n. It is of course possible to
impose separatability constraints on the production process which'will reduce the
rank of the Hessian matrix below n, in which case more than one of the elem2nts
of €,, a) must be non-zero to ensure a solution to 1.15. In empirical appli-
catiof such separatability restrictions are unlikely to hold.

21f the proper experiences changes in factor endowments, equation (1.16)
will also include terms in L'K' and Zé which must be derived from group
specific factor supply equations.
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where S' is derived from W', R' and P' via equation (1.23).

This income is counted in units of the numeraire which in this case

i8 nonagricultural commodities. Suppose that, for income group k,
we know the shares of expenditures Mg on the different commodities,
where h is a commodity index (h = 1 for agriculture and h = 2 for

nonagriculture). Then we can compute an income group specifié price index

) ] ]

-
(1.17) B =up Byt Py =upe By

'

because P2 =0,

Ihe change in real income of producer group k then becomes

' (1.18) ﬁ;_a M; - fL

note that this approach.is an extension of the way in which Hayami
and Herdt (1977) considered income effects of the Green Revolution
on small and large farmers. The same price index can also be used
to deflate individual factor prices, for example the real wage rate
change for producer k is ﬁ; = W' - F;. Below we will give énalyticall
solutions for one special case.
In the following section we will push the model for amalytical
solutions of as much generality as we can. Obviously, as the number
of factors or regions gets larger, the number of general amalytical

results gets smaller. Before we can turn to that note, however,that
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the technology shifters Ei and Eé in equations (1.6) or (1.17) are
not directly interpretable in terms of traditional technical change
concepts such as rates and biases of technical change. We therefore

need to relate the equations in (1.6) to the cost function formulation.

The‘Cost Function Formulation

We rewrite the cost function with Z and S still denoting land
and its price but land assumed variable whereas output Y is assumed
fixed, i.e. C = C(Y,W,S,t). Hence the factor demand equations (i.l)
.now read Xi = Xi (Y,w,5,t) and

Z =2 (Y,W,S,t)
Differentiating these equations totally and converting them

to rates of changes as in the case of the profit function leads

to the following factor demand equations:

) n-1 1 '
(1.19 X =Y' + v i
) 4 Y jfl- nij Wj + “iz S A1 ¥ 1 <n
n-l . [}
(1.20 Z2'' =Y' ¢+ LI
20 A A

n j are factor demaﬁd elasticities with fixed cutputs and

i
1
Ai are factoral rates of technical change, i.e.

L
A= -(3Xi/3t)(l/Xi), given factor prices and output leveis.t

1F'or a discussion of factoral rates of technical change see
Binswanger and Ruttan (1978, Chapters 4 and 5).
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Under competition the following relation will hold for the output
price:
n-1
(1.21) P' =% s, W! + sy s' - 1T'
P
where s; are factor shares in value of output. Recall from the beginning
of this section that 1.1 and 1.2 correspond to each other uniquely.
Therefore the system 1.19 and 1.20 corresponds uniquely to the system
1.6 and it is possible to express 1.6 in terms of the parameters and
. 1
variables of equations 1.19 and 1.20. To do this we hold 7 ' fixed in
equation 1.20 i.e. we replace it by Z*. We can then solve it for Y'
as follows:
n-1

(1.22) 1 jE an j A

| *
s"""z + 2

Furthermore we can solve equation (1.21) for S', the rate of change

in the land rent

n-l

1.23) s'= -:-— (T' +P' - )

z g1 3 wj
(In all further models equation (123), or variations thereof, will
be used to determine the land rent residuzlly, once the models have
been solved for the cutput price changes and the iaput price changes.
Note that the rate of change in lénd rents is equal to the rate of
technical change plus the rate of increase in output prices Eiggg

the share weighted sum of increases in all other factor prices.
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Now replace (1.23) into (1.22) and find the following supply

1
equation :

n;l 8 ' n n '
(1.24) Y' = jzl ;1<nzz‘“jz) ¥y -2 "?T' A, +2x
= z Z z

Note that 1f technical change is Hicks neutral with respect to all
factors A; = T' and the expression for technical change simplifies
somewhat;

To find the factor demand equations, set equatioms (1.23) and

(1.24) into equations (1.19)

C L 5 'yl
= b - . - -
(.25 % z ["1;1 gyt gz '-‘iz)] Wyt 5o gy = ngg) B
=1 Z z
1 ’ ' ] 1 *
+'s'z (niz'nzz) T +AZ "Ai+z

We thus have transformed to a system of one supply equation and n-1
factor demand equatiomns. These equations are uniquely related to
those derived from the profit functiom which corresponds to the pro-
fit maximizing problem with n-1 variable factors, one variable output

and one fixed factor of production Z, and the underlying linear homogenous

. ’ t
production function. Therefore the coefficients of W in equations

(1.24) and (1.25) are equal to Bij and BYj of equations (1.6). Similarly

] ]
the coefficients of P , (and by extension those of T ) are equal to

s
1Note that in the proof you use the relation —i-n =7

8, jz Zj
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L]
respectively. Therefore the E variables are now inter-

8ij and BYj

preted as follows:

t '
- L '
(1.26) E1 BiYT + Az Ai

L ]

B = BT *+ 47

All these relatioﬁs between elasticities and téchnology shifters are
summarized in panel A of Table 1. Note that the technology shifter
in each factor demand curve of the profif function is the rate of
technical change weighted by the input demand elasticity of an output
pPrice change, minus the bias of the factor i relative to land, i.e.
Biz= Ai - A,

Noninferiority

In all models discussed below, not many conclusions can be rea;hed
- whenever the number of factors of production exceeds two,unless we
impoée additional constraints on the profit function. The basic reason
for sign indeterminacy is that factors of producti‘i.éaﬁ be complements.
We know from empirical studies that complementarity relations are not
infrequent in production processes (Binswanger 1973);

However, especially in agricultures it is unlikely that inferior factors
of production exist whose input is reduced when the scale of output

is increased, unless an extraordinary level of disaggregation of factors

of production is used. We therefore make the following noninferiority

assumption
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(1.;6) By = 7 Oy = "2z

More generally, treating all factors of production as potential

fixed factors we assume

<

(1.27) n n

it T 3d 0

Complementarity of factors of production would mean that all nji 2 o.
However, here we admit complementarity but restrict the size of "ji

(when it is negative) to be of smaller absolute size than nii’ For
a five factor model of U.S. agriculture Binswangef (1973) has found
this constraint to hold for all pairs of factors of production which

he considered.

Land in elastic supply

The Evenson-Welch model is one with two factors of productiom
in elastic supply and no other factors. An important case below

will be an extension of that model. We can derive the case where

land is

an byl

also in elas the cost function formulation

J L &’ —-—a - - ———— % - —
as well., When land is not supplied exogencusly equations (1.19)
end (1.21)are unaffected but equation (1.20) has to incorporate

' U *
the land supply relationship Z = € S+ Z , and becomes

n-1
2 * = y! - '
(28 ety J}':l Mgy Wy ¥ (g = ep) 87 - 4
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where Nz = €4 isvthe exces§ demand elasticity of land Vhen output
is fixed.

Goinguthrough the same substitutions then before, with equation
(1.28) replacing equation (1.20) in the system (1.19), (1.20). (1.21),
leads to the expressions for factor demand and output supply elas-
ticities and technology shifters given in Panel B of Table 1. Note
that we simply replace all Nz values by (nzz - ez) and all steps
are the same. We then get a system of input demands and output

supply equations as follows

' " n-1

1
(1.29) X. = I Y, W +Y

1 13 % ¥ P' + Z*% +-§;
=1

i

¢ n=1

] ' * ot
-
Yi y W, + Y P'"+ Z 'I'E'.Y

I v
SRE I T

ﬂis is the most general form of output supply and factor demand
functions of which equationms (1.6) of the profit function with exo-

genously fixed land are a speciél case.
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2) An Extension of The Evenson-Welch Two-Factor Model.

The Evenson-Welch model deals with two primary factors in

price responsive supply. In this section we add to the two primary

factors m factors which are in perfectly elastic supply, i.e. whose

"prices are fixed.

Consider the three factor case of equations 1.12 and assume
that land is a2lso in price respomsive supply, i.e. that all the 8

L 4 )
in these equations are replaced by y and the E terms by E ..

Suppose that capital were in infinitely elastic supply. This additional
1 1
constraint provides the solution for R, i.e. R = 0. Therefore the system
1 1
of equation reduces to 2 equations which would be solved for W and P .

The excess elasticity matrix reduces to G = Y "~ %1 Yoy
: m

L
L”YL Yoy ™|
Note that by similar reasoning the two equation system so found can be considered
as . corresponding to a system in which there are two primary factors

in price responsive supply and m factors in infinitely elastic supply, i.e.

h

or which we already know that the corresponding price changes are zero.
Note further that the earlier equation system 1.12 can also be considered as a
genuine 2 factor case or a case of two primary factors and m intermediate

factors in infinitely elastic supply.

The solution to the Evenson-Welch model with m factors of produc-

tion with fixed prices is given in equation 2.1
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-a vy L*'z*'YLYT"Az""“I:

* - 7% = v _a'
D Z YYY T AZ

L
W YYY

1
@.1) " TeT
G
' '’ - -
P YyL YiL T &L

Exﬁanding |G| according to the formulas on Table 1 we find that

(2.2) 6] = e,a -

L - €

YL T SL Yyy

+ 8., Bop =B B

LL "YY YL LY
Cz '
+5= (s By = 8y Byy + 6y~ By) <0

Z

The first line of (2.2) is negative because all terms are negative.

The second line is the determinant of a principle minor the B matrix

which is negative according to rules 1 and 3A of Appendix A which dis-

cusses the signs of all other determinants. The third line reduces to

a1, 20 when expanded using the formulas of Panel A of Table 1.

Shifts in Factor Supply: From (2.1) and (2.2) it follows immediat

0]
bt

v
P

(2.3) I [ Il A S T I (P TSRO R
z

2.4 ap! -1 -1 5L

(2.4) 3ir = -l6l T vy = - |6l (an-s;‘z) Zo
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A positiYe shift in labor supply will reduce the wage rate measured Iin
units of the nonagricultural good.l When noninferiority holds, it will
also reduce the output price of agricultural output.

In the developed country context most agricultural laborers will
consume a commodity bundle consisting primarily of nonagricultural goods
and the wage rate measured in those goods is a good welfare indicator.

In develo?ing c§untries, however, agricultural laborer's expenditures
consist primarily of agricultural commodities. Therefore it might be
more appropriate to consider the change in wages measured in agricultural
commodities, i.e. déflated by the ﬁgricultural price. This we can do

as follows

] ] t
3(W/P) _ W _ 3P -1
2.5) = = - = |6] (o, +Yy -)

B L a* ot oo

1-s
-1 , Le

= lGI (BYY + BYL + sz — Z‘ C!)
1-8

Cgel-l T e, -a) S 0

l6]™ (-1 By + z

K=1 sz

The expression on the third line (which follows from (1.8) is
negative because noninferiority implies that all BYK’ the supply
elasticities with respect to factors with fixed prices, are less
than zero. In the Evenson-Welch model there are no such factors and

]
all BYK are zero. Thus the expression reduces to Eiﬂégl__, IGl-l [sz-a].
3L

1In our verbal discussions we will often not mention the fact that we are
talking about effects of a change in the rate of a variable (say the labo
supply L¥) on the risk of growth of another variable (say the wage rate W ).
This would unduly complicate the language without adding any substantive

element.
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Equations (2.3) and (2.5) thus imply that positive shifts in labor supply
hurt rural labor regardless of the numeraire used. However, the loss
in terms of nonagricultural goods is larger than the loss in terms of

agricultural goods. Note that these results’ carry through all models

of the later sections. Since this particular model
treats land and labor symmetrically we also know that shifts in land

supply will reduce land rents, however they may be measured, i.e;
. o
1 * a
asfaz* S0, G =,
92
Positive shifts in land supply can affect the wage rate eithar way,

i.e. the cross-supply effects are indeterminate.

. LA -1 -1
(2.6) - 161" Crgy= Yoy = @ = - |6 (Byy=8yy —®)  2/0/m
= 6] o +al 30 2/0/0

An increase in land supply will lead to an increase in the nominal
wage 1if the elasticity of final demand exceeds the elasticity of substi-
tution between land and labor in absolute value.

The output price effect of the land supply increase is negative

because of noninferiority.
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2.7) .:._;_; - Icl-l [YYL - YL + eL] = |G|-l(BYL-BLL+EL)
= 1617 gy -y + ] <0 ore
= IGl-l [o+¢]<0 ' 2/0/0

The second line is the 2/0/m casé with additional fixed-price
factors, while th.e third line is the 2/0/0 Evenson-Welch casé. In
both cases the output pfice effect is negative.

Combining equations (2.6) and (2.7) as before leads again to the

wage effect in terms of agricultural goods.

3 ' -1 ‘
(2.8 'igég) = 1617 I8y = By + By = Byt - )

-1 m m >
= lel E B~ gt - € 1< 0 2/0/m
e Il CRS I . 2/0/0

While the Evenson-Welch model (third-line) predicts that wages
terms of agricultural goods will rise as land subply_increaseé, this
cannot be shown as soon as more factors of production are included,
in which case the labor demand elasticities and output supply elas-
ticities with respect to "left out" factors become important as
well, and only knowledge of these elasticities will allow signing

of equation (2.8).
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Qutput Demand Cffects
The effects on wages and prices of a shift in final demand

are both positive as can be read off (2.1) directly

W' =1 -1
(2.9) v = ISl vy =167 ey + 5_;' eg) = 0
B' _ -l 11=1 L
(2.10)  3p% (617 Cryg-ep) = l6l™ 8y - s, ‘2 ° e) = 0

A _The sign of (2.9) depends on the noninferiority assumption.

The wage effect in-terms of agricultural prices is given by

2.11 A3EE | _el? -
-1 aD* |6l ™ Cryy + iy - &)
1-s
617 oy + Byt —5 ey - )
m 1-s
= -|c| 1z Bix * 3 L €, =€) 20  2/0/m
R=1 z ,
R | > i i
= 6] T (e -ep) <0 2/0/0

The sign depends on ﬁhe difference of the supply elasticities of land
and labor and, when "left out" factors exist, on the labor demand elas-
tities with respect to these factors as well. A special case which
will be important later is the case in which € is zero and in which
the third line of (2.11) is negative. The wage rate rise is not as large
as the output price rise and labor loses 1f agricultural commodities

are the numeraire. The greatest gains g0 to the factor in inelastic

supply.
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Neutral Technical Change

_ ' '

In the neutral technical change case AZ =- AL = T', Consider
first the price reduction associated with technical change, and
expand the determinant

ap! Oyy + DOy - e) ~ 7y 1y

(2.12) 3z =-

<0
(‘rW a) (YLL - eL) =Yy Yy T

) (L) (Y -€) + Orgy=2) (Vgm0 = Yox'yL

Cryy=) Crip=ey) ~ Yoy'y

= - lo|™ ra) (rppme) -1

= - (1ta) 32} -1
3D
The first line of (2.]12) establishes the sign, because the numerator
and denominator are of opposite sign but their size is the same except
that the -a of the demominator becomes +1 in the numerator. Therefore

it follows that

[ 5 & X3

dP' > >
(2.13) 77 o2 L= |a] =1

i.e. the price falls by less than the rate of technical change if
the elasticity of final demand exceeds 1 and by more than the rate
of technical change if final demand is inelastic. This condition

is independent of any factor supply elasticities and the number of




-28-

factors in infinitely elastic supply. It will also carry through
to the genuine n-factor case discussed in Appendix B. The other lines

of (2.12) are a further decomposition used below.

Since the rate of technical.change 1s equal to the rate of
unit cost reduction, factors of production engaged in agriculture
must lose in terms of prices of nonagricultural commodities if
final demand is ineléstic since~—at constant factor prices—the
cost reduction will be smaller than the output price reduction and

some of the price responsive factors must experience a decline.

This is borne out by the wage rate equation:

CRDIEE I [ Il S NS R AN DM

-1
]
= -(a+1) %‘;—*-2 0

The second line of this expression shows--as expected--that the
wage effect of technical change is positive if the final demand is
elastic (|a| > 1) and negative if it is inelastic. Furthermore we
can express the technical change effect as a constant multiple (of
opposite sign) of the final demand effect with the con#tant de~-

pending only on the final demand elasticity.
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Combining (2.12) and (2.14) leads to the real wage effect

@.15) 2R Ly | (arny |3 D3R 1Ly L (o) 2E/E)

. |
aT a” aDJ aD
. m 1-s
-1 L >
1- |67 (ot+1) (-2 Bgt €, - ) <0

K=1 Z

This condition is not signable. However, it is more likely
to be positive because there i; an jmportant positive element coming
from the +l; The sign of the effect depends on the relative supply
elasticities of land and labor. The one-special case for which a sign of (2.15)
can be established is the case when there is no fixed price factor and wvhen -

€, = 0, and all y reduce to B terms.

Then

t . .
W/P -
(2.15a) - a(a;.) = g™t (Byy + 1) (Byp=e;) = BoyByr + B (a+1)
= o™ (B ya-(Byyt1)e ] o 1/1/¢6

We will encounter this case again in the regional models.

Labor Saving Technical Change

In considering bilases we will look at cases in which the rate

of technical change stays constant, i.e. in which

t ] ) |
(2.16) 4T = sLdAL + sszz + stAK = 0

vhere K stands for all factors in infinijetly elastic supply; While
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1

) t ]
increasing AL we must therefore reduce either AK or A

Z -

Let us call

the case when technical change saves labor at the expense of capital

the IK bias and when it is at the expense of land the LZ bias. The

IK bias is treated first. From 2.16 we than have
8 t 1

(2.17) dAl'(--s—L- dA; and da, =0

K -

From equations (2.1) it follows immediately that

- ! ' -
2.i8) = -:—;"7 - J¢|™t [Ygy =1 20
2
AL IK bias
3" - ' -1
(2.19) ] 3L 167" vgy, < 0
IK bias

And therefore

(2.20) 2E/E)C - ' s,

1K bias

LK-type biases act exactly in the same manner and magnitude

than increases in labor supply. That a bias which saves factors

of production which are price responsive rather than in infinitely
elastic supply should depress output price according to equation

(2.19) makes sense: The technical change saves the factors which
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are in relatively inelastic supply and thus alloy a reduction in

output price in addition to the reduction which would occur if

technical change were neutral and not directed specifically at

saving the factors which are not in perfectly elastic supply.

This idea is the key feature of the Induced Innovation Hypothesis.
LZ-type bilases save labor relative to land,,while leaving the

capital-rate of technical change unaffected, i.e.

* . t SL 1
(2.21) da, =0', dT' =0 and A) = = A
- , z
] sL ]
Now replace A, in equations (2.1) by - ——-A.L according to (2.21)
%2

and take the derivatives with respect to Ai

.w' N s s
(2.22) F, - el [(;1-‘-4' 1) gy =@ - L Yoy
. z 82
LZ-bias
=11 [ AR
= |G] . L.Ez = {5y +.az)u = fgg _'ZIJ < 0
4 2/0/m
- -1 1 _ <
|G| sz [sz O‘l 2o 2/0/0

The second line is the solution for the 2/0/m case and is not signable

because the "left out factors" could be complements. However, when

i
v

there are no such factors, a Z-type bias will result in a reduction of
wage rate in terms of nonagriculatural goods. The output price effects

of an LZ bias is not signable and depends on the factor supply elasticities
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-1
= el 5, (hpg ¥ Npg = Mgy = Ty He,E0)
2/0/m

-1
- IGI -;— (ez - EL) : 0 2/0/0

The second line is the 2/0/m case and the third line is the speciali-
.zation to the 2/0/0 case. In the last case, if labor supply is inelastic
“ relative to land supply (e# - EL)>. 0 then the output price will drop
" with a shift from neutral to labor-saviﬁg technical change, since the
technical change saves especially the factor in more inelastic supply.

The price effect in terms of agricultural commodities is

W/P)! BRSPS T |
(2.26) 2GE/E) - 6™ = E— (-s ) (e, + I ng + 5, (e + z Ny
3A£ z K
LZ-bias .
7 >
(s, +s,) QJ K 2/0/m

= lGl-l (sge, + s;e =) 2o 2/0/0

A
In the 2/0/m case the sign will be negative, unless the left out

factor(s) K are complements with Z and L (d.e. nZK 2 0, Mg 2 0).

€, + e 1s the excess supply elasticity of land and similarly for labor.

" For the sign of (2.24) to be positive when left out factors are complements ,

these excess supply elasticities must be negative, i.e. the absolute
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values of the cost function demand elasticities for land and labor
with respect to capital must exceed the supply elasticities of these
factors. We can summarize this section by stating that for both types
of biases labor will usually lose, no matter how we peasure'the wage
rate.A An exception is possible fo; LZ-type biases if there are
additional factbrs (capital) with fixed prices which are very good
complements to tye factors which have price responsive supply (land

and labor).

Relative Wages

Wages relative to the land price are another distributiomal
measure which is often considered. fo find them we have first to
determine the land rent residually from equation (1.23), which,
because of the price fixity of "left out" factors,reduces to

vt ' '
S.-; P + 7T -SLW).

A
Thus
] 1 | I | (] ] ]
(2.25) W -8 =W ~= (P +T - s W)
sz L
17 e o]
= (1= - P T |
s, l(l é sK) W P -T l 2/0/m
L J
r |
1 ' ! ' i
"; W/P) =T i 2/0/0

z | ]

In the 2/0/m case no signs can be proved because of possible com-
plementarity of the left out factors. Therefore we confine ourselves

here to the Evenson-Welch 2/0/0 case.
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The factor supply effects are

t 1
? S 1 a(w/P -1 -1 >
(2.26) _(ﬂ_*L Y J_L%' = lel " sy Tlame ] = 0
¢ 32 Z 9z
]
M%L b 0. Increases

oL
in a factor of production hurt its relative wage and vice versa.

and by symmetry of the problem it follows tha;

The only other effect which is signable is the labor-saving bias

at the expense of land (Z-type) where we have

.27y 20/8) - 1 oawm <
aA‘L 1Z bias Z aAL

Again a labor-saving LZ bias hurts labor by this measure of welfare as

well. No other effects have determinate signs.
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3) The 2/1/0 Model

Equation (1.12) describes the case where there are two factors
L and K, whose supplies are price responsive and one factor Z in
fixed supply. Note the departure of this case from the previous
case where Z was treated as a price responsive factor as well. The

solution to this new case reads

(3.1) -W'- r-G ar « * . 1] [ B
i Gr Gp | | LT BT -A it A
, a1
R' | = |6 | G  Sex Gy K*-z*-emr'-,x;-a-ﬁ;
L . . ]
LP ] _GiL Grg GYY- _D*-z*—snr' - A ]

where the Gij are the signed cO-factors of the excess elasticity matrix G.

From rules established in Appendix A, we note that

< >
3.2) |g| >0, G126 = 0 and Gy = 0
= PuxPry “Bry gy’
or by homogeneity (equation 1.8)
Oy =(-Bry=By1) (ByByy) ~Bry (Bexey)
= Brp(BrytBry) * BryBkx * BrySk

>
= BrpBix *t Brifrk T By ~ O
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This last line of (3.3) is nonnegative since the first two terms are
>

equal to GYY - 0 with € and ex = 0 and since the last term, BLYEK’

is also nonnegative. By similar proofs, it can likewise be shown

that

(3.4)

>
Gy = BryPrrBry(Brisy) - 0
' <
Cyp = BBy Byr B = ©

Gy = Bygbyy By (Bp=e) = O

However, no signs can be established for the cofactors G and G, ,

LK KL
i.e.,
(3.5)
>
Gep = Brybyr~Per Byy=) 2 O
G, = —a) 2 0
LK BLYBYK-BLK(SYY a)'z

From equations (3.2) to (3.5), we can immediately establish the

following effects of increases in factor supplies,

\j
W -1 <
(3.6) = =166, -0

oL

1

G :—i—* = lcl'lcn 2o

¢ 2 (F)
N L B C Pt

-1 _
= 6T By (Byy=a) =By By B ByictByr (B eg) ]

-1

= 6] T By ey) (ByytByp @) -Byy (ByytByp)]
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or by homogeneity (equation (1.8)),
=1
= 16l [(Bggeg) (Byy0) + BBy ]
-1 e <
= [6] " legBopmalBg e )] = 0

Also, by again using the condition of homogeneity, we can establish that

w L]
(3.9) (¥ _
-%—2 = ||t (6, C)

= IGI-l[aBKY-eK(BYY—a)] 2o

Finally, we have

(3.10) 3W* - IGI-I[_G 'GLK“GLY] _E 0
w 1
.103() -1
-;;—; = |G| [=6;; 615 ~61v+Cy1 Oyt Cyy]

]
(3.12) W _ -1, >
_aK* |6} Gx 20
w t
a) .-

Equations (3.6) and (3.7) tell us that an expansion in the supply
of labor reduces labor wages and also the output priéé. Equations (3.8)
and (3.9) chow that real wages in terms of the agricultural output prices
and labor wages relative to capital rents will likewise declinewith in-
creases in the supply of labor. 1Indeed, by the symmetry of the problem,
it is also tree shat .
R, 2P, (5) , and_a_(_%_) <

* * * * =~ 0.
2K 3K L 9K
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Finally equations (3.10) to (3.13) show that the effects of an expansion
of land and of capital on nominal wages and real wages (in terms of the

agricultural output price) remain ambiguous. Again, by the symmetry of the prob-

L. R L4 R '
AR L e 2B)

lem, the signs of the cross effects . -3R , °\P/ , 3R and °\P
* * * aL*

remain indeterminate. . 92 3z ‘ oL

Wages will increase with increase in output demand and so will

input prices since

]

W -1, >
(3.16) = =|¢|76 ., =-0
D LY

and
1
(3.15) -%* = 16| eg, 2 0

However, the real wage effect of increases in final outputvdemand remains

ambiguous, 1i.e.

W 1 ]
(3.16) a(?)
*

3D

= |¢| 7Y, -6,.)

= 16l ey (Bpme)egBrg] 2 0

1 3\'
by the symmetry of the problem, it is also true that 25; 2 0 and 3( >
aD * <
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_ The Neutral Technical Change Case

In the 2/1/0 case the effects of neutral technical change can be
obtained in a similar manner to the 2/6/m case. The derivations of these

conditions are rather straight forward. We can establish that

1 t
(3.17) BW' - = (atl) BW;
3T

D

o2 _ BivCr ¥ By Byt Gy

L P
BryCyy ¥ ByCyx(Byy=*)Gyy

aT
) '

(3.19) —EL a1 i) LA 2
aT e

(3.18)

Equation (3.17) is the same as equation (2.14) for the 2/0/m
case. Also, equations (3.18) and (3.19) bear close regemblance to
equaticns (2.12) and (2.15) respectively. While (3.18) is signable,

(3.19) is not, though we can presume that the positivé 1 in this
/H)'
last equation will tend to make %7 nonnegative.

aTl

Labor Saving Technical Change

As in the 2/0/m case explored earlier, in this section we comsider
the output price and the nominal and real factor price effects of an
LK-type biased technical change. We continue to assume equations (2.16)
and (2.17) for the LK-type bias and work with the 2/1/0 case summarized by

(3.1).
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For the 1K-type bias, it follows directly from (2.17) and (3.1)

that
(3.20) W 1 5L
- ;‘T = [g] (65 ;;’G %)
IK bias
-1
= |¢| " (a By~ SxByy +ae)
(3.21) 3P 1 5L
a1 0
IK bias
- IGl‘ls (e, 8 ) =
L{ePryekBry) <
W
(3.22) a(i”/_ L Lo g 4L
" lel ™ 16y, - S Crx GYL+§£GYK].
bias

‘- lc]‘.‘l[BKY(a-sLeL) + e B tac,] 0

- Equation (3.20) shows that an LK bias will decrease labor wages.
That an LK bias will incrase interest payments to capital can also.be
inferred from (3.20), since this problem is parallel to the question of

establishing the sign of -—3—, [ = |g|™t —5< G x GLL> , which
Y Sy
K ! KL bias - ‘

from (3.20) is >--(). The effect of an LK bias on output prices are

uncertain as equation (3.21) suggests, though this effect will be clearly
negative (positive) 1fthe elasticity cof laber (capital) supply is
sufficiently small, or if the elasticity of demand for capital (labor)
with respect to output price is close to zero. All these effects are
not unusual and are in fact features of the induced innovation
hypothesis. Technical change that saves a particular factor relative

to another factor will tend to decrease this particular factor's price
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and increase that of the other factor. Further, the output price
effects of bilased technical change would depend on factor demand
and supply elasticities as equation (3.21) suggests.

Equation (3.22) showsthatreél wages in terms of the pricé of
agricultural output will decline with an LK bias. Indeed under
LK bias conditions, laborers should be unwilling to accept any
labor saving technical change.

As in the 2/0/m case we are unable to att;ch signs to the
effects of LZ-type biased technical change on output price and on
real and nominal factbrpfices. However, in the 2/1/m case where
labor saving technical change occurs at the expense of one or

more factors with fixed prices, it follows straightforwardly from

(3.1) that
t .
(3.23) X | =l¢|™c, Zo
a LL
im

t

G.26) -2, | = le| e, J0

Ay

| Lm
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4) Two regions with mobile labor

The regional cases considered in this and the following section are
not closed general equilibrium regional trade models. We are considering the
agricultural sector only of an economy. Production takes place in several
regions because land is an essential factor of production and camnot be
moved from region to region. The regions supply one single national
market. The regional dimension of this market is suppressed since much
of the demand for the agricultural commodities comes from urban sectors
and the rural nonfarm sector. We have-skeichgd elsewhere the extensions
of the approach of this paper to a genuine one region - two sector trade
model and noted the difficulties of empirically implementing it (Binswanger
1978). Generalizing that model to several regions is possible but would
lead to few insights in the absence of parameter estimates for all sectors .
and regions considered and for.intersectoral and inter-regional factor
mobility conditioms.

In extending the partial equilibrium model to more than one region
we.first consider the case where output is traded and labor 1is perfectly mobile
between regions. Therefore there will be only one wage rate and one output price
to consider. However, land rents in the two regions will differ. A discussion of
the land rent impact will, however, be deferred to section 6. One furthér
simplification is the assumption that land supply in each region is fixed.

We therefore deal with a 1/1/m specializationm of the 2/0/m model of section

2.




-43-

Each region therefore has a labor demand function and an output supply

function as in (1.6) where r = 1, 2 is the region index

¥

1 1 ' ' ' *
L= B ¥ BLyr ® + I )+ Az A+

' t ' *
Yr = BLerf + BYYr @ + Tr ) + éZr + zr

1/

: K ] ]
In this particular case W, = Wz = W .= These equations hold also when there

1
are m factors which are mobile between the regions and are in infinitely

elastic supply. Therefore the model below covers the 1/1/m case as well.

Since total labor is L = L1 + L2 and total output is Y = Yl + Y2’ their
total rates of changes are share-weighted sums of the rates of changes of the:
individual regions, These rates correspond to the supply and output de-

mand functions (1.10) and (1.11) and are written as

1/ Rates of changes of these wages must be the same, but not the wages
which can differ by a constant multiple W, = k wz

[




(4.2)

-4l

) ) t

*
L = ELW +L = llLl + AZLZ

1

* '
Y =P +D = lel + VZYZ

1

where the shares in total labor and output are

(4.3)

A =L /Landv =Y /Y
T T T r

-

One therefore can add up the factor demand and output supply equations bY

weighting them by these respective shares and setting them eqﬁal to the

total changes.

(4.4)

(4.5)

* 1) 1
egW+L = (ABgg ¥ AB1o) W+ By + 26190 P

\J ] \j 14 J

A BTy tAg - App) F Ay BryoTy, 45 - 45)

1 ]

+A121 + AZZZ

- ] - v ’ * *
=By W *ByP FME G+ AE, FAZ A2,

* t
GP + D 1 Byl * VoByya) P

= (yBypy * VpBp) WO +O

! t

oV By T F Ay ) Vv ByypTy t Ay )

+ YA * + Z *
V1“1 T V%2

- N ' ' * *
- v '
BYLW + BYYP + leYl + szYz + vlzl + vzzz

In these equations B coefficients are the overall factor demand and
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output supply elasticities as defined in these equations. Since
they are sums, they have the same signs as the individual region's

elasticities, i.e.

< - > - >

- < -
(4-6) BLL - o’ B - 0) BLY - 0’ BYY

YL

Rearranging terms we get an equation system analoguous to (1.12),

which has the following solution.

i ] - - '
@.n |¥,| =8y By L-Alzl A2Zz "1EL1 2 LZ"
IJ L"

P - -
Py, B v Z1 "222"1321 ZEYZJ‘

5 A

From Appendix A we know that the determinant [GI has a negative sign.

Therefore, and by (4.6) we find that the own_factor supply effects

are as before

(. 8)— lsl” -1z

1
(4.10) 3(W/P) 1z iz ey e o lel"leE ey
- =% = IGI (Byy'l'sn"'“) - lci (EBYK‘H!) -0
where EYK are the share weighted factor demand elasticities with
respect to the left out factors and where in (4.10) we use the
familiar adding up constraint (1.8) and the fact that all BYKr b 0.

Thus the own factor supply effects are as in the one region case.
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The cross supply effects are

t
.11) o e o o] Byme) - v, (BT %0
2

This equation looks like (2.6) which is not signable in the one region

case and much less so in the two region case. However the price effect

is signable

(4.12) 2= = |g| ™A <
32

YL-v(BLL I‘)] 0

. Proof: Note first the following relationship, where we use the

symmetry relations of equations (.7.)

Y Y Y ¥
Ber =<t B, 428 . m-ci-s B -2 5.8
L F Prai Yy By T Y S TY Sw2 Py
r . .
[y, W Y, WL 1
(4.13) = "prl BLYl--Yl ﬁlsmz, %= m‘“ LYL + ZBLYZ)
L 1 2
= - 8by

where EL = %— is the share of total labor (both regions) im total

output and s, are ‘the regional labor shares. Further note that

in the genuine 2 factor case ELL- - ELY Setting this into (4.12)
we have
L Y T
(4.14) BP 1! 7t LW+ + -3
= lcT T Py Pyt By tV eLJ 1/1/0

—

-1'1 =
|6] iPYBLY(LW+YP)+ve

-—

L,

L.,
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The sign follows because the value of output is greater than labor
cost {.e. Y;P > LrW, and therefore all terms in the parathesis are
positive. However, this case is restricted to the 1/1/0 case. A
similar proof with "left out" factors cam only be shown for the
case when those factors are substitutes with labor. For the same
1/1/0 case we can also show that

] /P)' -1 = 1 rg B -
(4.15) _SE;; £ = IG' .[Ar(a- BYYfBYL) + “r(BLL + BLY EL)]
r

- lGl-l_[lra- ve ] 20 1/1/0

This holds only when &here are no left out factors because then all

B8 terms cancel due to hoﬁogeneity.in (1.8).

The output demand effects are straightforward

6.176) X =~ |c|™5

D

s
iy -9

3P -1, >
(4.17) ¥ Ted (Byp-ep) = 0

(a.18) 2B ot Ehk ¥ e

which is negative ornly if left out factors are éubstitutes on balance or there
are no such factors and the ELK terms vanish. In comparing (4.18)

with (2.11), note that in that case a sign could not be established

because of the presence of € which here is assumed zero. Therefore

note that the fixity of land supply is a crucial assumption to establish

the sign of (4.18).
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Finally, the technical change effects are as follows:

(4.19) W

3T} o™ [(Byy = ) (AqBry) - Bry(-viByyy —v] 2 0
(4.20) 3P 4 -
3T = 6] TL(-By) (A By + (B - ep) (-viByy = V)]
- lel” [" (BryByry = Brpbyyr) + e OiByyy + v
VBl 20

The first term inside the bracket sign in (4.20) is nonnegative because this
is a negatively signed principal minor of the excess elasticities matrix of
(4.7) with «, €L and v, equal to zero. The remaining two terms inside the
bracket sign are likewise nonnegative, making the overall effect of'a neutral
technica; change in one region on output prices nonpositive. The same,
however, cannot be said with regard to the effect of neutral technical
change in one region on wages. In this instance, the effect remains ambiguous
(equation 4.19).

In the genuine 1{1[0 case, we can also show that neutral technical change
in any one region is likely to improve real wages since

(4.21) 9@'

-1
YAl 1G] [A,aB +e (-v,8 -vp)1>0

177LYl 1YYl

For the 1|1|m case, similar signs can be established when the "left out"

factors are on balance, gybstitutes with labor.
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5) Two Regions With Immobile Labor

When labor is immobile between regions, each region has its own

labor demand equation in (4.1) equated to its own labor supply

|
function Lr =€,

Only the output supply equations are added up as-before.

! *
Wr + Lr , and these equations are not added up.

The resulting

.equations again admit "left out" factors K with fixed prices and

have the form

r ¢ r
G.1) 1 ¥y BrL1®m1
t
W | =1 o
\J
Pl M

LY2

8 -1

Bir2%12 Biv2

L* *
“217Ea

'
~E
L2

*
*

L. -2

N
N

*

Vobyrs By

* * v t t
° =V1217%22,"%1Ey; VoEys

where the notation is the same as before. In Appendix A it is shown
that the inverse !G[-l > 0.since |G| can be generated from a sum of
nonnegative definite matrices. Since G has some zero elements we

can write out its inverse directly

™ 7]
(5.2) 63 G2 Sy
-1 -1 :
¢ =6l Gy G Gy -
S S Sy
(8. e 1) (Buuma) = v,8 . t
12%12) Byy™®) = VoPyiofiyn  VoByafiyy ~Bryy(Brro™ers)
leY:lBLYZ B, =€, ) (:- :
L - (Brpi=ery) Byy™)=ViByraBrys  ~BryaBrri~cry)
- -+

-V18v11 (Brio~c12)

VoByro Brri~ery)

(Bpya=ep1) Brpo~ery)

-—

.
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From Appendix A we can Hetermine that

(5.3) cufo, 6..<0, G.20

which is a consequence of convexity of the profit function. Using the
signs in table 1, i.e; the noninferiority assumption,wé can also establish

the signs of all other cofactors,

< < ’ > >

12
< <
Ggy =0, Gy = O

In what follows we will consider only effects of changes on the wage
in region one. Since regions are treated symmetrically the results

for region two can be found by interchanging indices.

The own factor supply effects are as follows.
\j

3W1

3L,
1

A

(5.5)

-1 :
= |¢] €, -0

1
9P - ' Gl -1 < 0
T fr

(5.6)

aw /ey
(5.7) aLi o L I P

-1 -
= 16177 1By pmer) Byyme + v8yrg) = VoPyrafry!

-1
= (617 1B g1 ) (V1 Byy PV Byp o Byya =) =e - -]
= el B

1
(V2 Brr2fyrva~Byrofry2) ~ Vofrafyy2

=(Brroer)) ("Jisym'*“” o
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This expression 1is negative'because the first term in the parenthesis
is a principal minor of a8 matrix which is negative by Appendix A,
while the second and third termsare negative by noninferiority.

Now consider the effect on wage rates of increases ia labor
supply in the other region.

'
oW

(5.8 —==le| e, 20
oL
2
t
TG R
(5.9) = l6] (6,6
3L, -

-1
= |6]™" v, BypdBry; + Brpy ~ E1al

] %
€11

- le|™t v Byr2 [-EBLK -
This condition will be positive if their are no "left out" factors
or those factors are on balance substitutes. Therefore its sign is
determined only for the genuine 1/1/0 case. It is important to note
here that an increase in labor supply in the second region clearly
depresses the wage rate in the first region if it is measured in

nonagricultural goods but is more likely to increase the wage rate

as measured in terms of agricultural commodities, because its output

price effect is likely to dominate the input demand effect in the
first region.

Now consider the cross supply effects. As in all previous

v %
models 3W1/3Zl cannot be signed
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t

oW

(5.10) L - -|g] 1(011 1 Gy <
9z
1
' 1 -1
Z
1

The sign of this expression follows from equation (2.7) and the fact

that the IG]—l has a negative sign in (2.7). It differs from equation
(2.7) for the one region case in that the price effect is first weighted
by the share of region one in total output and by the excess elasticity of
iabor demand in the second region. The more price responsive the labor
market in the second region, the higher the price effect of an increase

in land in the first region.

3(W, /P) 4
.12 — = &7 (Byy 160y =613 V1617
1
= 6] v, 8o B oot (B, o€ ) [a= V.8
28y12Pryat (Brraero 28vy2
vy (Byys + Bypy ~ Bryr ~ Bppy toepp)l
= 6] v, (B Br vy =B Bon FE Boon)
2 Byr2Brys ~Briofyya *er2fyy2

Hyy 7o) oty oy = Tayymey )] )

usually > 0

The first term multiplied by vy is clearly positive since it is
the negative of a principle minor which according to Appendix 4 is

negative. The term on the second line is also positive unless the

tern ZBLK is negative. Therefore the wage effect in terms of agricultural
K
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commodities of an increase in land supply in the own region is positive

for the 1/1/0 model, or if on balance the "left out" factors are substitutes.

This result is entirely analoguous to the one region case.

Now consider the cross supply effects when land increases in the

other region

1

.13 . [6]77€615#v,619) = 6] VyB81y; (Brro=Byrp=ers) = O
2

This expression has a negative sign because the term in brackets is
analoguous to equation’(2.7), where, however IGl-l has a negative sign
instead of a positive one. We note by reference to equation (5.8) that
any increase in factor supply in the secound region, whether in fixed or
in price respomsive supply, reduces the wage rate in the first region.

1
a(wl/r) -1
(5.14) —=4—= - |G| (6154561 ¢=Gyr=v, Gy

322

= |6 -1"2 (Bryy (BrroByroeraM(Bryymery) (BypoBrroteys)]

= | -1 re o - sz - - o “ _>_ -~
16] "9, [( EBLKI €11) (Bp1oByp o€ ,) ] usually = 0

The first term in brackets is negative unless the left out factors, on
balance, are complements. The second term is negative by (5.13) so
that the whole expression 1s positive,unless strong complementarities
exist. Considering both (5.14) and (5.9) note that increases in factor
supply (whether fixed factors or price responsive factors) in the other

region usually lead to an increase in the wage measured in agricultural




- ~54-

commodities of the laborers in the first region.
The final demand effects are straightforward
LA LI
(5.15) aW,/3D 20,09 /3D 20

a(W /P)
ap"

- lel™ C1y~Cyy)

-1
= 16l (B pme ) By tBryymery)

S P - - ' s
lGI (BLLZ ELZ)(EBLKl eLl) usually - 0

Again this is less than éero,excgpt if the left out factors are
complements, on balance. These results are totally in line with the
one region case.

Now consider the relative position of workers in the two regions

when labor supply increases

]
3 W) i
(5.16) — 22 = || L(6,,=6,,)
aL 2
2
-1. . -
= 1617 1V, By By =By ery) Byy=o). + viByr18;4y)
-1
16177 v, By 2Bry1-Br118yv2) ~ V1(BrraByv1~Berifrys)
+B110F Byyery=epp]
> 0 for 1/1/0

The second term in brackets deives from a principal minor and is

negative so that it contributes to a positive sign. The terms on the
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last line are all positive as well. But the term in the first

brackets weighted by Vv, cannot be signed unless there are no "left

2
out" factors. In that genuine 1/1/0 case the term vanishes and

the overall expression is positive, which intuitively makes sense.
Labor in the region experiencing the supply increase suffers more

than labor in the first region where supply does not increase.

The technical change effects are as follows:

? t -1
(5.17) aw, /3T, el " [-8 B1v16117V1 (Byy ;1)G1Y]
= 161 Y, 19, (B B o BegoBiy 5 HBoonfi ) +
LY1' 2 FyL2"Ly2 Pyy2"LlL2 TTyv2tr2

>
(G+Vl)(BLL2-sL2)] <0

This expression is derived by full expansion of term of the first

line and by cancelling aﬁd collécting all the terms together again. .The
second line term is positive since the first two terms in brackets

are the negative of a negative principal minor of the 8 matrix. The
third line term is negative only if |a] < v; 1.e. final demand is

inelastic. Therefore, the wage effect is much more likely to be

positive than in the one region case.

(5.18) ﬂ’—- = || -8

aT. * O Gyl
1

LY1 Yl 1(3

-1 <
= 6] v I8 o-e1 0 By By Byy1Bran + Byys®r1 ~ Brpy tepal - O

which is less than zero by a reasoning analoguous to the one for the
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the second line of (5.17).
For the genuine 1/1/0 case the principal minors in expressions
(5.17) and (5.18) are zero and by leaving them out to form the next

expression we have

a(wllp)' w
(5.19) — =
T,

-lled -
Q
rd

3T2 3T1

= |¢]7t +a B

v, v18vv2512 rv1Brro~2)

V1 LlI(ELZ Brpg) Byyy 1}

- |G|‘1 +1)v eLl)]} >0

VoBryiByyatra t [(Bryomeps) (@Bry=(Byyy

The expression is derived by multiplying out completely, cancelling terms and

noting that in the'l/l/b case BLYl = - BLLl' Note further, that if we included

the principal minors for the l/l/m case in forming (5.19) they would
botﬁ contribute further to the positive sign. Labor benefits from a
technical change in region one if measﬁred in agricultural goods just.
as in the one region case when the supply elasticity of land is zero.
Technical change in the second‘region reduéesvwages in terms of

agricultural goods in the first region:

(5.20) W /ar = IGl H G ]

LYZ 12 2(

= lGI-lv 8

<
2Bry1 [Byy2PrioBryoByratBrry Pyvatry ~Erad ~ O

LY2"YL2 "LL2 "Y¥2'L2

This term is negative because the first two terms come from a negative

cofactor and all other terms are negative. For the genuine 1/1/9 case
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we also have:

1 t
AW, /p) W )
(5.21) ]'. - ]'._ 3P' - ‘Gl 1\) . (B e =B . +e..) > 0
1°L1Y°YY2'L2 "LL2 L2
3T2 3T2 3T2

Note that these signs cannot be established for the 1/1/m case.
But for the 1/1)0 case technical change in region two raises the
.vage rate in region one measured in terms of agricultural commo—
dities. Finally note that the sign of the technical change effect
the wage in region ome versus that of regiom two cannot be signed
i.e.

AW /)
(5.22) —==2% %0

arl

on
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6) The Regional Land Rent Effects

The land rent effects are among the most interesting in the

two reglon case and are found in a residual fashion as in equation

t ? ]

\j
(1.23) For each region we know that P = Sir Wi + serr - Tr even

if these are in factors in infinitely elastic supply because

1
SZrR = 0,
In the mobile labor case there is only one wage rate change
and the solution for region r is
'vl_' ot 1
(6.1) Sr = E;: e - erW + Tr)

Into this equation one cén set the pértialAeffects of any exogenous
change in the output price and the wage rate determined in section 4, In
principle we could use (6.1) tc solve analyticélly for the partial
effects of exogenous changes on the land price as is done previously
for the wage rate in terms of agricultural goods. However , that
.exercise is unlikely to lead to major insights.

Instead we focus on the land rent changes in region one relative
to those in region two to understand why regions push technical
changes, even though it may‘result iﬁto losses for land rents if
all the regions pursue technical change simultaneously. The equation for

the relative reglonal land rents reads
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(6.2) (81/82) =S, -5, =

1 %2
P22 7% e | ) '
821522 522 8721
1
s .
821 522

|t t
This equation contains two endogenous changes, P and W, and the

exogenous changes T If we want to consider the overall effect

.
of technical changé we should also consider the partials 8P'/3T;
and 3W'/3T;; But note that, if the regional labor and land

shares are roughly equal, the terms in P' and W. are close to

zero, and what is left is the terms in T; and they will dominate

- the equations. We can therefore state that the

change in relative land rents is roughly proportional to the
difference in rates of technical change, whatever the price and
wage rate effects of those technical changes are. Therefore whether
land owners ultimately gain or loose from any configuration of
regional technical changes, their position relative to other

regions is the better, the faster their own rate of technical

change relative to that of other regions. As long as they

cannot stop the investment for technical change in other regioms,
they must attempt to maximize their own rate of technical changes

to maximize their gains or minimize their losses.

When labor is immobile the situation is somewhat more complicated

for the land- owners. The analoguous of equation (6.2) then reads




-60-

1 8,,~S ' 8 t 8 v
(6.3) (5,/5,) = 22 z1 p° , L2, -Llwl
821522 S72 571
]  §
a5
8 8
21 z2

Since technical change in region r can affect Wl and W2 in the

opposite direction and in different magnitudes, we cannot expect

the W; terms to come close to cancelling each other. Nevertheless,

it remains true that under a broad range of conditions it pays landowners
to maximize their own rate of technical change if they

are concerned with their position relative to landowners in other

reglions. However, from thevaggregate regional income point of view, which
a regional government would espouse, it makes more

1 t 1
sense to look gt the rate of change of factor rewards Fr = erwf+Serr =

t ]
= p -Tr. Forming the ratio of these factor rewards we find that
in all cases,

1 L

) | \)
(6-4) (Fy/F,) =F;-F, =T, - T,

which holds for both the mobile and immobile labor case. Thus a
region's overall agricultural income position relativé to other
regions is directly proportional to the difference in its rate

of technical change relative to all other regioms. Even though
in the end technical change in all regions maf lead to losses

for all agricultural producers, each region' must try to maximize

its rate of technical change. This i3 also true if there are m
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factors of production is infinitely elastic supply because

z t
K sKrRKr 0 in that case and equation (6.1) to (6.4) still

hold.
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7) An overview

Tables two and three give a.summary of the signs of the effects
which we have derived so far. For the Evenson-Welch modgl they also
give (the negative of) the numerator of the sign condition as an
indication of which parameters determine the sign. It will be most
convenient to discuss these tables in terms of the effects om partic-
ular groups.

High income workers have a consumption pattern which gives a

lﬁw weight to agricultural commodities in their income group specific
price index. We can, therefore, discuss the ;pproximate impact on their iﬁcomes
by looking at the dW', the change in the wage rate in terms of non-
agriculturai goods.

Throughout all the models high income workers would be hurt by any
expansion in labor supply. Even if labor is immobile across regions
-and labor increases in other regions than their own, this would be
the case since 3W/3Lj§_Oin column 6. Increases in other factors of
production, however, can either hurt these workers or benefit them.
The condition for 3w'/az* in column 1 suggests thét the lower the substi-
tuability of labor for other factors, and the higher the final demand
elasticity, the more likely will high income labor gain from an in-
crease in the supply of other factors of production.

An exception to this is the case where labor is immobile across

regions (column (6) and (7)) and where an increase in land in region 2
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Table 2: Signe for the Iaput Supply and the Qutput Demand Effects

Une Region Cases . Two Reglon Cises
Mabi{le Labor Immobile Labor
1y @ &3] © (9 ) (n
Supply respousive factors 2 1 1 1
Pactors vith fixed quantities '] 1 1 i 1
Pactors vith fixed prices 0 0 - -
Own Factor Sug'glz Effects I
|
1] . L]
:—:-' ) e - ‘Y’ - ‘ZI s‘ <0 - - (convex) - - - -
: Ly
o’ T ape
T Sy = e /e 0 = = (aoniaf) = T T - -
' - .
%‘:—’Pl a~-¢, 20 - ~ (monfaf) . - - g -
H : I
- : i i
1 w'
~i - -
*
: Ly
' W /P e +)
' !n;
b) :
Iw/s)” s-g 0 # 3W/R) " 2/1/0¢ ' b)
e - - YR - acainf) D(Hil‘l) - -
. _m_'_i_ *
1
Cross Factor Supply Sffeces ©od
N Wi IH;
s -~ - 20 P + 'a'z‘f r 3 1325 hd +
age). 3w, /ey ;
2% g-s 20 +b) + i +  +0Maqu /e b)
- - T = T m— x-
i i3
: !
W -4 = = (ocuiaf)
j T 321
! 2'
| :r(: > : JALITALA +%
i izt -
3
Final Demand Zffects : '
l i
:‘;; f v, 20 + + (nontnf) LA + +
':%' qre it -8, 20 o+ + (convex) : + 0+ ‘ +
. 21z - _ | l +
t
! )
AlE » - 30 & + 5 o M SO
\ f
Foctuotes:
8) This sign is determined only because land is in - sign is nonpositive
fized  ewply md ¢, = 0. Othervise it would + sign is nonnegative
not be signable. + -
b . sign is ambiguous

1f the left out factors are Substiiutes ca balance,

the sign is the sare as in the previsus colum.
convex: Convexity is the minimum assunption to estabiish eign.
noninf: Noninferlority is the sinimuz assumption to estahllsh sign.
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Table 3: Signe of the Techaical Change Effects

One Regiou Cases Two Region Casen
;
. _ ! Mobile Lsbor Imacbile Labor
(6] (2) 3 i “4) (9 (6) (&)
Supply responsive factors 2 2 | 2 i 1 1 1 1
Pactors with fixed quentities 0 [+] ! 1 i 1
Factors vith fixed prices [} ! Q : 0 [ ]
. i : ;
: M
Neutral technical change ! ;
3
M > > : e
Frd 20;(2 ~l~{a|ZD) - i - ‘ —:%r 3 - -
N RS} 31'1
i
[ H |
%,. -ta + 1)39 % + * g e (invelves
D% 3T : 3 1 + atv, and +
1 ' Ei3 = 17 =
i | 13T] )
: ‘14
AP . »0 " - . :3(9 FisN . b)
'§t"—)' 30(positive (£ ¢, = 0) # + %ggz ) :b) : _ﬁ_i_ & 4
1 1
N 1]
| b S -
. N T
.; 1
; 3w, /D) _
i
i i :
! I
;—r-—J— + +
. i r’: - -
1
i i
lases ) 1 2/1/0 case I
a3t _expense : St expense ¢t expense of I
of land of land , Lapital !
wr -lw-l(a-:ko +) i = (ncainf) i
AT s i s, 2~ - |
@ i - ) 20 * }
w sz oy =22 < ba - !
A/’ 1 b !
z {
n/l/e case ! :
at expenve of factors at crponse cf f
wish fixed prices . factors with |
i fixed prices .
; SRxec prices
i |
4 W' i
g%L o.a. i ; _<_0(ccnux)§
: i
P’ ! ' |
TLL"' a.a. s 0 ‘ £ 0 (noninf) !
H
] Al ’ '
:SH/PZ a.a. - -;L—)Lf’l’- €0 < 0 (noninf)
Iy A
Yootnotes:
&) This sirn fe determined only because land s in ©- Sign is nOHPOSitiVE

fixed supply and =, * 0. Othervise it would sign is nonnegative

+
not be signable. : . +

b) The siyn {s detcmmincd Lf the factors with fixed Sign is ambiguous
prices asre cubst{tures of the other factota.
convex: Convexity f{s the minimuz asswmption tc establish

sinn.
aoninf: Noninfetiarity is the ulalmua zssuention o

eatahl fah afun.
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will clearly hurt labor in region 1.

Now consider low income laborers who spend most of their income on

. , .
food, i.e., look at the effects on (W/P) . Again these workers will lose

from an increase in labor supply as long as it occurs in their own region.

However, since the labor supply increase also reduces the agricultural

price, their losses would usually be proportionately less than those of

high income workers. The proportionate loss of high income workers exceeds
' ;

that of low income workers by 22;- <. 0.
- 3L

Note here, we discuss the case where high income laborers spend all their
income on non-foods and low income laborers all their income on food. If,
however, high income workers spend a share ¥y of their income on food while
low income workers spend , on food,.with Wy <y we can form rates of
changes of price indices (P) such that

_t 1 -t
PH - uHP and PL = uLP

- 1
Therefore their wage effects will always differ by (ua -”u,>P <0

]
instead of by P .
Returning to the extreme case, when labor is immobile and land is

in fixedsupply (column 6) poor laborers in region i will gain from an in-

crease in labor in another region, which is in contrast to the high income worker:

When more factors are added (column 7), they may either gain or lose,
but we can presume that in many cases they will continue to gain while

high income laborers can never gain. The beneficial effects of the price
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drop often will outweigh thé detrimental effect on the wage rate.

A similar situation arises when other factors than labor increase.
In column (1) we see that if land supply increases the poor laborers
will gain while the high income laborers lose. This is also the case
in both regional cases when there are only |
two factors of production. Only if more factors of production are
added (columns (2), (5) and (7)) can we no longer be sure that the poor
laborers will gain because complementarities of additional factors may
work against them. |

Expansion in final demand always benefits high income laborers, but

- 4t will definitely lead to losses for low income laborers when there are
only two factors of production and the land supply is exogenous (column 1
with €, " 0 and column (4) and (6) ). Only when complementary factors of
production are added or land is in elastic supply may the poor workers

not lose from an expansion in final demand.

Neutral technigal change may benefit or hurt high income labor. In
all cases highly elastic final demand will lead to gains for labor because
the saving of labor made possible by the technical change is offset by the
more than proportional output expansion. In the r;gional case:with immobile
labor the expressions in the text suggest that the smaller the region ex-
periencing ghé technical change, thé more likely its labor is to gain.

Output prices almost always fall when technical change occurs. In
the one region case the price drop is proportional to the rate of technical
change when the final demand elasticity is equal to minus omne and exceeds
it if final demand is more elastic.than that (column (1), but also for 2
and 3). The fact that prices are reduced makes gains for low income workers

more likely than for high income workers, especially 1if land has zero supply
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elasticity and there are no additional complementary factors of pro-
duction. In that case the poor workers tend to gain regardless of the
final demand elasticity while the high income workers may still lose.
Wherever we can establish a sign for the biases, high income and low
income workers both lose from labor-saving technical change. Note, how-
ever, that in a model with many factors of production we cannot establish
signs for an increase in the labor-saving bias if it goes at the expense
of land. Also recall that for the genuine n/1/0 case we cannot establish

the effects of any biases.

Large owners and capital owners. We will only discuss the income

 effects in terms of nonagricultural goods by assuming that the land and capital

owners are usually among the wealthier groups consuming mostly nonagricultural good
In the 2/0/0 and 2/0/m models land is treated symmetrically to labor

and the effects on the land owners can be found by invefting the role of
land and labor in the eduations corresponding to these models. Thus land
owners lose when land is expanded, they may gain or lose when labor is
expanded and they gain if final demand is expanded. By looking at the
‘conditions for technical change it is clear that landowners and laborers
both lose or gain together when technical change occurs, a fact which was
.noted already in Binswanger (1978)1.

For the 2/1/0 model capital and labor are treated symmetrically and
the conditions for the capital owners can be derived from the equatioqs
in the text by interchanging the role of capital and labor. But for this
model and thé regional models, land is fixed in supply and the land rent

effects have to be determined residually. It is, however, clear that land

'lNote that this is not the case when we consider general equilibrium models
with more than one sector. See Binswanger (1978).
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owners will lose if land expands in their own region, that they may gain

or lose if other factors of production expand in their own region, that

they may gain or lose if other factors of production expand and that they
will gain with expansion in final demand. Furthermore; technical change will

lead to losses or gains according to the final demand elasticities.

Consumers in other sectors will gain from any changes which reduces

agricultural prices. Expansion in the supply of any factor of production
anywhere will do that. Similarly, any increase in technical change will do
it as well, unless final demand is infinitely elastic (possible exceptiom).
Even without changes in the rate of technical change, a shift of the bias of
" technical change in favor of saving factors in relgtively elastic supply will
often tend to reduce the output price and benefit nonagricultural
consumers. Conside; gg:. in the different models. In the 2/0/0 case (column

a 1
1), this will be positivVe if land is in elastic supply relative to labor and

the bias shifts from saving land more to saving labor. When complementary
factors are possible (2/0/n and 2/1/0 cases) however, we can no longer be sure
of this sign. However, if there are factors in infinitely elastic supply or
with fixed prices (Z/O/m and 2/1/n cases) a shift of the bias from saving those
factors towards saving labor will reduce the output price since labor is then
the less elastic factor. That shifts of‘biases towards factors in relatively
inelastic supply will tend to reduce output price is another demonstration
of the induced innovation hypothesis which states that society gains from
directing technical change towards factors in inelastic supply.

One observation which may be appropriate to conclude this paper is that

evaluating distributional impacts of policies which affect factor supplies,
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output demand and technical change in agriculture is not straight
forward at all. With the exception of the own factor demand effects,
the impacts depend on the conditions in the factor and output markets
and on the position of a regioﬁ where the changeé occur relative to
other regions. The observation that a particulaf policy or téchnical
change has had a favorable distributional effect when occurring in one
environment just is not sufficient to advocate the technical change

in another enviroﬁment on distributional gounds. We hope, however,
that the results of this paper may be helpful in understanding under
what kinds of conditions similar results can be expected and when not,
: gnd to assist in evaluating likely distributional effects in an ex ante

framework.




APPENDIX

Sign Proofs for Determinants

To prove signs of inverse elements of the Excess Elasticities

Matrices one has to trace those matrices back to the matrix of

second order derivatives of the profit function and to minors there-

of. Consider the (singular) Elasticities Matrix B for the two

factor-one output case
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The first two rows are factor demand rows and the last row is the

output supply row.

Now compare it to the matrix I of second order

derivatives of the cost function with respect to the prices of the

factors of production in the subsrcipts.
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It is clear that B can be derived from 7 by dividing the laSor
demand row by (- L), the capital demand row by (- K), the output
supply row by Y and multiplying each of the columns by W, R and P
respectively.

If we multiply a row or a column of a matrix A by a comstant

k, its determinant |A| becomes k|A|. Therefore

* WRP
[8] =

(4-3) (0 ()Y

|m
and»lBI would have the same sign than H.l Similafly if we knew the
sign of the determinant of any minor of I, say InILL = HKK nYY - HKY nYK

It would follow that
WP
(A-4) ‘BILL = DY tnlLL

i.e. would be of the opposite sign than lnlLL'

lsly

Generally to the n-factor and m-goods case, we can have th

he
following rule:

Rule 1: The determinant of an elasticity matrix (or of any
minor thereof) has the same sign than the degerminant of the
corresponding matrix (or minor) of second order derivatives of the
profit function if the number of factor demand rows involved in
the matrix (or minor) is even. It has the opposite sign if the

number of factor demand rows inveolved is odd. (The number of

Ya this case |NI| = 0, therefore |8]| = O.




outbu: supply rows invoived is immaterial.)

But we are interested in signing the determin#nt and minors
of the excess elasticity métrix {8 + €]. In the two factor-one
good case discussed above let H be the matrix of factor supply

and output demand slopes.

(A.5) b, 0 %‘% 0
- 9K
= b 3R
o
0 - 0 3P
! byl L i

wvhich is non-negative definite. Note that [B8 + ¢] is comstructed
from (I + H) in exactly the same way that B is constructed from II.
Therefore Rule 2 holds:

Rule 2: The determinant of an excess elasticity matrix (or
of any of its minors) has the same sign than the determinant of
.the corresponding matrix (or minor) of the [l + H] matrix if the
number of factor demand rows involved in the matrix (or minor) is
even. It has the opposite sign if the number of factor demand
rows ilnvolved is odd. |

We therefore confine our attention to the signs of the deter-
minants and minors of the [N + H] matrix and note the folleowing

well known facts:
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Rule 3A: The matrix I is non-negative definite and all its
principal minors have non-negative determinants.

Rule 3B: The matrix H 1is noﬁnegaaive definite, since all its
diagonal elements are positive or zero in the ome good case. (In the m-
goods case the output demand submatrix would also be non-negative
definite and the matrix H remains non-negative definite.)

Rule 3C: The sum of two non-negative defiﬁite matrices is
non-negative definite and therefore [l + H] is non-negative defin-
ite. All its pfincipal minors have non-negative determinants.

Now consider the regional cases with mobile labor where the

national elasticity matrix has the form

Bir Py My * A2 B’ A By A Bryo|
(A-6) B = =
b By Vifyir * V2 Byra; V1 Byva T V2 Bypo
Li Yi
with Ai = i==and A7 Sl Compare it with the sum of the second

order derivatives of the profit function in each regiom, which is
non-negative definite because each of the regional matrices is non-

negative definite.
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It is clear that (A-6) can be derived from (A-7) by dividing the
first row by (-L), the second row by Y, and by multiplying the
first colum by W and the second column by P. Therefore

|§| = ~(WP/LY) Iﬁl < 0. Rule 1 continues to apply in the case
of regional models with an arbitrary number of mobile factors of

production.

Now consider: the case of immobile labor where the excess

elasticity matrix has the form:

Brgp ~ O b1
(a-8) (6+e] =0 Bi2 = €2 By
V1B V28 Byy = @
-
Compare it with the following matrices
p— —— - —
L ¢ In c 0 0
(A-9) [0 + W + h* +
) (I + T, +h*] =|0 ° 0 0 Tyo Tuyo
0
Ty Ty 0 My Hyy,
» . = "

By
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u;, n; and h* are all non-negative definite therefore their sum is non-
% *

negative definite. The [B8 + ¢] watrix is derived from [nl + I, + h*] by

multiplying the first columm by Wl, the second by Wz and the third by P

and by dividing the first row by (-Ll), the second by (-Lz) and c?e

third by Y. Thereiore

W.W,P l
: - 12 * * .
|8 + €l [EmIEm I + I, + b 20

Rule 2 again carries through to the regional case with immobile

labor where labor in region 1 gets counted.as a separate factor of
production from labor in region 2 for the purposes of estavlishing
sizns. Note that for determining signs of determinants we could apply
‘the regional cases to as many gobile and immobile factors of production

and goods as we want, i.e. develop mixed cases.




Table 4: LIST OF SYMBOLS

" : A'
Ax AL' Z
c
D*
B' 1 t
K’ B1.' Bx
K, K*
L, L*

o5
)
w o W o#m N o=

(7]

T'

o

L1}

Factoral rates of technical change under the cost function
Cost of production
Final demand shifters

Shifts in factor demands and output supplied with fixed land
profit function

Capital, capital supply shifter
Labor, labor supply shifter
Per capita product or income
Labor, c#pital, land income

Population

" Qutput prices,<F are price indexes

Blases

Capital rental rate

Land rent

Share of factor i in value of output
Rates of technical change.

Wage rates (or factor prices in general many factor case).
Outputs

Quantity of‘land

Commodity demand elasticities
Elasticity of substitution

Factor supply elasticities

Factor demand elasticities

Share of labor force in sector £

Share of sector £ in national product

- Share of capital in sector £




REFERENCES

Binswanger, Hans P., "A Cost Function Approach to the Measurement of Factor
Demand Elasticities and Elasticities of Subsitution,' American Journal
of Agricultural Economics, Vol. 56 (May 1974), 377-386.

Binswanger, Hans P. and V.W. Ruttan, Induced Innovation: Technology, Insti-
tutions and Development (Baltimore: Johns Hopkins University Press,
1978). ’

Binswanger, Hans P., "Income Distribution Effects of Neutral and Nonneutral
Technical Changes," New Haven, Economic Growth Center, Yale University,
Discussion Paper No. 281, May 1978.

Diewert, W.E., Duality Approaches to Microeconomic Theory. 1In K.J. Arrow
and M.D. Intrilligator (eds.), Handbook of Mathematical Economics
(Amsterdam, North Holland Publishing Co., forthcoming).

Evenson, Robert E. and Finis Welch, "U.S. Agricultural Productivity: Studies
in Technical Change and Allocative Efficiency." Unpublished Manuscript,
Chapter 10, Economic Growth Center, Yale University, 1974.

Evenson, Robert E., "Gains and Losses from Agricultural Technology, "Philippine
Economic Journal (1978).

Hayami, Yugiro and Robert W. Herdt, "Market Price Effects of Technological
Change on Income Distribution in Semi-Subsistence Agriculture," American
Journal of Agricultural Economics, Vo. 59, No. 2 (May 1977), 245-256.,

Jorgenson, Dale W. and Larry J. Lau, "Quality and Differentiability in
Production," Journal of Economic Theory, Vol. 9, 1974, pp. 23-42.

Quizon, Jaime, "Factor Gains and Losses in Agriculture,” Ph.D. Dissertation,
School of Economics, University of the Philippines, Diliman, Philippines,
1980.




A_ : Share of labor force in region r

v_ : Share of region r in output

E_ : Share of capital in region r

i=1......n factors or goods

J=1l......n factors or goods

L = 1,2 Sectors

r = 1,2 Régions

k™= 1l......K income groups

u: = expenditure share of income groups k on food h

B'Q factor demand and output supply elasticities for profit functioms

8,, = Share of income arising out of factor i for income group k

ih




