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ALTLRNATTIVE MODELS OF LONG RUN SUPPLY
AND DEMAND PROJECTIONS TN ACKRICULTURE

HERSC)S Agrawal$

Introduction

Man has always been curious to learn about what the
future has in store for him. Agricultural economists are
no exception to this, The theme of our seminar regarding
demand and supply projections in agriculture is one such
attempt to peep into the future. The deliberations are btoth
timely and relevant, specially in the context of the "NEW"
technology in Indian Agriculture, A study of the supply and
demand projections of agricultural commodities is extremely
useful to the economiste, the State, the administrators, and
the individual, The utility of these studies to us lies in
the fact that they provide us with a ground to test various
theories, hypotheses and models, and accept, modify or
discard them accordingly.

Forecasting has never been easy, The peculiar nature
of agricultural production makes the job all the more
challenging, Disturbances in technology, weather conditions,
prices, State policies (domestic as well as foreign), popu-
lation, introduction of new crops and replacement of the
old all makes accurate projections all the more difficult,
The problem may be further complicated by other considera-
tions relating to the nature, reliability and adequacy of
the available information,

A number of tools are available to the economists to
make these projections. The selection of a suitable approach
is a function of several variables such as the objectives
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and scope of the study, type and nature of the information
required, kind, adequacy and reliabilitv of data available
for analysis, and the like, It is not the sophistication of
the model which is all important. The selection of an apopro-
priate model and relevant interpretations of the results of
analysis for use by policy makers are equally important if
the study is to be meaningful,

The objective of this paper is to briefly discuss some
of the models that have been (or could be) used to make supprly
and demand projections in agriculture. The paper does not.
attempt the stupendous task of dealing with all types of
models used in demand and supply projections, Nothing has
been said in the paper about the desirability or otherwise
of using the macro or the micro approach in making these
projections, The pros and cons of both are too well-known
to be mentioned here. The approaches discussed here could
be used in both cases,

Unless stated otherwise, we have assumed the following
in this paper: .
1. Perfect competition in the input market
2. Perfect competition in the output market
3. The objective of the farm firm is to maximize
profits
L. Closed Economy.

Supply Projections in Agriculture

In agriculture, the supply of a commodity depends on,
among other things, its price and price of other competitive
and complementary products, the level of technology of its
production, and the prices of inputs used, Basically,

Spp 580 (PLesiBrer Brgs B Tyonle)
where,

£

Jyt is the supply of product Y in time ¢,
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Pyt is the price per unit of product (y) ia time (t),
Pat is the price index of other competitive commodities

in time t.

Pbt is the price index of other complementary commodities
InEatimesit .

th is the price of input used in the production of ¥ _.

a5

r, is the level of technology used in the production of

Yt, and

Ut includes everything else (portmanteau) such as weather, etc,

.anything that affects these independent variables would
also affect the level of supply. The greater the accuracy in
the incorporation in a given model of the changes in these
variables, the more precise are the projections of supply.
The following approaches have been discussed in this paper
in connection with the supply projections of agricultural
commodities,

1. Production Functions Approach
2. Programming Approach
i) Linear Programming
ii) Tecursive Programming
3. Regression Analysis Approach
4. Simultaneous Tquations 4pproach

1, Production Functions Approach:

Production function is a mathemnatical expression of
the input-output relationship. It is a single-valued,
continuous function and embodies in it the available
technology at its maximum efficiency. It is a versatile
expression and can be used to derive several meaningful
quantities, The derivation of the supply of output and
demand for input are two cases in point, liere we shall



166 : R, C. ACRAWAL

use this approach to derive the supply function of a
commodity,

Let Yt = ft (Xl, Xz’ olleloRof gy Xj, -.o--.oxn) ---------- (l)

-

& is the expected quantity of output in time t, and
X4 is the quantity of the ith variable factor,
For simplicity let us assume that only Xy is variable and

the rest are fixed, i.e

o B £ xi) ———————————— (1la)
We could then write xX; as a function of Yt as in (2)
e T4 (T mR oA i En e (2)
-1
Llitly md oot et avnu anmen (3)
aT : L
18 dy
Putting the expression in (3) equal to Pyt/Pxit(under

the assumption of perfect competition in both the product
and the resource markets and also that the obijective of the
farmer is to maximize his profits) and solving for Yt gives
us the supply function of ¥ for different prices of ¥ and

Xy (i.e. Pyt and Pxit

Consider the Cobb-Douglas type of production function in

) that are likely to prevail in time t.

(4) with two variable inputs x and z

where

Yt is again the expected quantity of output in time t,

X and z, are quantities of inputs x and z likely to

be used to produce Yt,
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i
by and c, are elasticities of production of ¥ with respect
to x and z.

8, is interpreted to reflect technology and is sometimes
referred to as the index of the total factor productivity.

If we assume the technological change to ke neutral i,e.,
b and c are constants, it can be shown that the supply of ¥,
as a function of technology (as reflected in a, b and c in
the production function), its own price and the price of

variable inputs x and z, would be as given in (5).

1 b c b+ c
l-Db - c i = 8= @ 1 - b= c Il = 9 o @

51 =iah (__T?g;(_) (: cZ ) ( Py\} —————— (5)

A cursory glance at (5) would reveal that the supply of
1 is inversely related to the price of factors and directly

to its own price, Under constant or increasing returns to
scale of production (i,g., b+c = 1 or b+t c >1 ), if it is
at all profitable to produce (supply some quantity of output,
it will always pay the farmer to produce (and also supply)

any quantity of output, aand the value of Svt would be

indeterminate.

Under the assumption of 'neutral' change in technology
and constant returns to scale such that b > 0, c > 9],

S (_k_y - SRS (6)
1 a X / Z

where ' represents derivative with respect to time,

1<}

A
il

The term on the left hand side of (06) represents the
relative rate of growth of output which is a sum total of

relative rate of prowth in technology, i.e. a and

?

a
relative rates of growth of factors multiplied by their

o~
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respective elasticities of production. Therefore, for
relative rates of growth of factors, relative rate of growth
of output and, therefore, of supply could be found and suoply
computed at a given point in time,

Production functions of the CES type (constant clasti-
city of substitution production functions), have also been
used to make growth projections, As the name (CES) indicates,
the elasticity of substitution hetween factors, is constant
but not necessarily unitary. It would perhaps be interesting
to examine the use of this type of functions in making
projections first assuming 'neutral' technological change
and then relaxing this assumption,

(a) Neutral Change in Technology

Let us take the model in (4), b and ¢ need not be
constants but

o9 L g ele e SR @ e L AT g]_o=(b)(c)e__;>
B sle) it
(i_i\;:'i—% ------------ (7)
X Z/

where

¢ is the elasticity of substitution and is defined

fx
as d log {
i
2

.d log (_§_;)

fx and f being the partial derivatives of Y with respect
2

to x and z respectively, s

(a) If e = 1, then db = O and b and c stay the same,
dt

L

(b) If e /_1 and rate of growth of x is less than rate
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of growth of z then db >>? and b goes up, and ¢
dt
decreases,

{{cy) TalEts e,}?l.and x - ) :>() then again db > >0 and b
N X dt

increases while c¢ decreases,

(d) Tf e/ 1 and % _ 2 7> 0 or vice versa, then
S
db / 0 and b goes down, while ¢ increaseg If é , x and
dt a X
Z stay the same, whether I will fall or rise will depend

7
on the magnitude of change in b and ¢ or in other words on

the value of ¢ and the nature of difference between X and 2
X 7

Ceneral speaking, under the assumption of given and

constant rates of growth of x and z,
() = @ (z_z\=-gg<z-g> -------- (2)
Y dt X Z dt Z RN

(b) 'Non-Neutral' Technological Change

CL|Q-
ct

Now let us relax the assumption of 'neutral' change in

- [ & « -
techinology. ©uppose bt becomes bt+l and ct_becomes Cepp 1

time t+ 1. The rate of technolorical change could then be

D .
expressed as ¢ in respect of factor x and
b
G
C e
E ¢ in respect of factor z and, therefore
c
t

equation (7) would take the form in (9)

A= ( e-1 + (b)) (c;)
dt 18 — c]
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7 i~ £ 1 1 -
Clearly if the change is 'neutral CEaih o Cet mronian

t

| Cy bt

and therefore, the last term on the right hand side of (9)
would become zero and equation (9) would be reduced to the

same old familiar form in (7).

In this case, the rate of change in the growth of
output would bhe

~ e
+
o
cr
+
=
i
o]
I
i
+
H
I
(@]

In the foregoing analysis, an attempt has heen madz to
demonstrate the use of production functions to proiect
growth of production (and indirectly that of the supply).
These projections of supply, made on the basis of production
function, at hest, would be only as good as out projections
of input and output prices, likely technology and the
goodness of fit of the production function that is used for

projection purroses,

2. FProgramming Approach to Supply Projections:

We have so far looked at the procedure of projecting
the output (and, therebv the supply) of agricultural
commodities by using the 'Production Functions ipproach,’
Unfortunately, the derivation of production functions in
itself is subject to several limitations, There may he
multicollinearity among the 'independent' variahbles; we may
not be able to identify all the relevant variatrles, there
may be difficulty in precisely pinpointing the contribution
of different known variables to the output and suprly,
adequate information in the desired form may not be
availables and so on. Though production function approach
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cannot be completely neglected (and it would be a great
folly on our part to even think of it), some of the above
difficulties can be obviated by using the 'Programming'’

approach in the estimation of 'normative' supply function.

Here we propose to refer to the use of linear and

recursive programming techniques in the projection of supvly

of agricultural commodities,

Linear Programming Approach:

The general format of a maximization linesar prosramming

problem (under the ucual assumptions of additivity

, linearity

divisibility, finiteness of resources and activities, etc.)

is given in (11)

Maximize @1 )
)

Subject to LOEES A ) DR s A e
- )
2 OlE)

If we consider it a problem of farm planning with an
objective of profit maximization, then c would be the profit
vector, Y the activity vector (product vector either in

terms of acreage, quantity of output or some other
unit), A the input-output matrix (also referred to
technology matrix), and b the resource vector. The
of inputs used in the production process, price of

suitable
as the
prices

output,

the level of production, all these are reflected in the c

vector., Matrix A represents the technology used by

the

farmer in raising the activities from the set of resources

available with him as represented by b. Thus any change in

the prices of inputs or output, or both would, generally,

change the c vector., For a given level of technology and

price of resources, a change in output prices would change

the components of c¢ vector, Likewise any change in techno-
logy would be reflected in the yields and A matrix, whereas
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a change in resources would change the b vector, Any change
in A, b or ¢ may change the supply.

In order to derive the supply functions of the ith
commodity, the linear programming problem is first solved
with one set of prices of various commodities that the
farmer may raise (i.e., feasible activities). Then the price
of the ith commodity is changai with others left constant.
Thus for a given level of technology and prices of resources
and other feasible activities, only the ith component of c
vector would change; all other components would stay the
same., The problem is solved again with the new c vector,
This is called variable price programming and through this,
one can derive (a) the optimal levels of supply of the
commodity that should be forthcoming on the farm at
different product prices and, (b) such price levels of the
ith commodity where its supply function takes a step.
Similarly, a change in the price or quantity of available
resources of the farmer or changes in technology can be
taken care of through sensitivity analysis either indivi-
dually or simultaneously. Thus if we could have an idea of
the likely prices of different inputs used in vhe production
of commodities raised on the farm, technology or resource
availability to a farmer in some future period t, we could
find the optimum levels of different commodities that he
would grow and the most desirable allocation of his
resources. An obvious merit of this approach is that we
could examine the likely effects of changes in the prices
of a commodity on the supply of not only that commodity but
all other commodities (raised on the farm) as well,

The linear programming approach considers only those
resources which are limited. If a resource is not fixed,
its contribution to supply is not reflected in the supply
function derived by using this tool.



(B) Recursive Programming Approach to Supply-Projections:

One technique that incorporates time series analysis
in linear programming framework has bteen developed by Day

/1] for making supply projections. In this method,

called 'Recursive Programming', we start with a linear
programming problem, the point of start being t = O, The
solution to this problem yields constraints for the next
period .and so on. & new 'c' vector may be used for each
period, depending on the price and yield expectations during
that period. The model makes use of the concept cf 'Tlexi-
bility Constraints.' First introduced by J.M, lenderson / 2 7/,
the concept assumes that the chénge in production (or
acreage) of an agricultural commodity during a given period
has some lower and upper bounds, thereby implying that the
production (or acreage) of that commodity in time t varies
within the two limits and is some function of the production
(or acreage) in time t-1 which, in turn, depends on the
production (or acreage) of that commodity in time t-2.

Suppose a farmer has A (t) acres of land available in
period t on which he can grow two crops G, and G, Further,

.
~

let the acreage under these two crops be A, (t) and A2 (t)

1

respectively. Kl and K2 are flexibility co-efficients for

L Pl
Gl and G? - Kl and K2 comprising the upper and Kl and X,

the lower bounds such that:

A (t) é_‘_ (1+ %) AC 1) commeoeen (12.a) ;
. 14 ARG il ot —($12: 00
aq(t) 7/ (1::1) 1 (t-1) ( ) ;___(l?_
Ay(e) f (1K) Ay(e-1) e £ CIY %
)

4y () >(l+ K))  dag(t=l) e (12.d)

)
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The inequality in (12.a) means that the acreage under
C-l will at most be the acreage under that crop in the
o~
previous year plus Xy (upper flexibility coefficient for -

Gl) times this acreage. This is the upper limit for A1(t).

Likewise, the lower bound for acreage under Gl is given by

the right hand expression in (12,b) where Kl is the lower

flexibility coefficient for Al(t). (12.c) and (12.d) specify

ﬂ
the upper and lower limit respectively for A,(t) with X,

and K? being the upper and lower flexibility coefficients.

These flexibility coefficients are largely determined oy
the future expectations of prices and yields. Clearly Kljr -1

and K, >» -1, because if Kl /_ -1 and Kp[_ -1, then according

to (12.b) and (12.d), A,(t) and A, (t) could be less than

l( 2
zero which is not feasible as negative area under a crop
does not make any sense,

The area under these two crops in a given year cennot
exceed the total acreage available during that year i.e,

A(e) + A (e) £ A(t) —oomeeom oo (13)

(13) together with (12.a), (12.b), (12.c) and (12.d) makes
up the restrictions to be included in the model. 1f the

profits per acre of Gl and G, in time t are cl(t) and Ca(t)

respectively, and if the objective of the farmer is to
maximize his profits, the problem could be stated as
follows:-

Maximize cl(t) Al(t)+ cg(t) Az(t) )

subject to
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AE) L (v ¥ A1)
Al(t) } (1+ Kl) A, (t-1)

S(tI (K hy(e-1)

Ay(t) > (1% K)) A (t—1)

A (B) * Ay(t) Lo E (t)

s

e e e e e S e e e e et S S

’7/0 A(t;‘;o

The model in (14) is the familiar linear programming
problem and could be solved for Al(t) and A?(t) in the usual

manner, These solutions are then used for framing the
problem to be solved for the next phase of the system. The
whole time path of supply (or acreage) is composed of
several phases. A phase is defined as a period of time
during which the same equations govern .the supply system,
The number of such dynamic equations is éxactly equal to

the number of variables appearing in the solution. The
direction and g?gnitudgﬁsf changes would depend on the

value of the ¥;, K, K, K, cl(t), cp(t), A (0) and A, (0)

With the introduction of demand structure, one could
compute the price=movements for any phase. Iurther,

technological changes could be incorporated in the model
and their effects on investments and supply found out. The
model could be generalized in a way that yearly re-
evaluation of production ,and investment plans 1is possible,
The technique, therefore, appears to be quite promising
and versatile, '

i

However, there are some difficulties in its use,
For example, if A,(0) = 0 for some i (i,e., if acreage
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o

under any crop is zero in time zerc) then the value of
that Ai(t) would always be zero in further solutions.
Likewise if K: = =1 for someli, ithen Ay (t) would ke zero

s

in time t and in subsequent periods as well. Determination
of K's also presents quite a few problems in practice
because they are governed by a multiplicity: of forces that
are difficult to be measured precisely.

3% Supply Projection With Regression 4nalysis:

The use of regression analysis in projiecting supply
of agricultural commodities has teen extensive. These
projections have been either in terms cf acreage or outpnt,
Lagged models (15) emphasising cob web nature of
agricultural supply where the producers respond to a
change in price not instantaneously but with a time lag,
as well as simple models where supply in time t is a
function of its expected price during that time (16) have
been developed,

Syt =h (P

There are several variants of (15) and (106). These
could be linear as in (17.a and 17.b) or power functions
or of some other types,

5 =
Syt a+ b Pvt-l

Syt = a+ b Pvt'* I R e e (M7 )

where

b is the slope of the regression line and c represents
shift din suprly over the period of study. Further
refinements of (17.a) and (17.b) are possible through
the introduction of the prices of other commodities,
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expectations regarding the area under the commodity, or the
assumption of non-linearity, One such model in terms of
acreage / 10,24/ rvroposed by Merlove is given in (17.c).

A =a+ b, Pyt—l + b, Atwl M e e s (LT o)

where

At is the acreage under the crop in time t and Ve is a

random term,

In this approach, projections (estimates) of yields per
acre have also to be made in order to estimate the quantity
of supply. A modification of this model / 2%_7/ includes
several other variables such as expected Vields, risk factor,
etc., Another lagged supply function of the form given in (1€)
has been used /73 7 for agricultural commodities:

F 5
a = + v @ T S 8L o oo 8
SHE DRRE c Pyt + Syt-l (18)
P e
st
where

Pst and Pct are the prices of products that are

respectively substitutes and complementary to Y.

Therefore, there are several forms of regressions
models that have been or could be used for supply projec-
tions; the choice would depend on several factors such as
leﬂgth of the time series data available and their trend,
variation explained by different variables, sampling error
of the relevant coefficients in relation to their size, etc.

4 Simultanegus Eguations .ibproach t§
Stpply and Cemand Projections

Simultaneous equations permit estimation of both the
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demand for and supply of a product at the same time. Tn
agriculture, several demand and supply studies have been
made for as widely divergent commodities such as eggs [k _/
and onions / 5 /. /i simple simultaneous equation mod=zl with
demand as a function of current price and supply as =
function of the price prevailine in the preceding period

is given in (19).

a+r b P L e e e s (19.a)

Syt i WAl t ;
= e e e e ) )
Dyt c +d v SR (19.b) g...(l9)
S = T7) S S I £ e Sh = = S
e e (19.c) g
where

Dyt is the demand for Y in time t, a, b, c and d are

constants and Ut and Vt are error terms, (19.c) gives the

equilibrium condition of demand for a commodity in time t
being equal to its supply in that period. Solving for P in

terms of Py(O)’ we get

: £ t-1
Pyt {lc= a) {1+ d?+ Cl3 5 TR e B BB + 4 \W‘* dt/bt P (0)+
k\b T 13t / 4
L R EeBGIC S Ny e + 1/b (V_-U )e--(20)
1 1 —_— 2 2 CHERT
bt bt—l

The model would explode if b{d and converge if b2>d.
For b > d, as t increases (g\)t approaches zero. as t

approaches infinity,

2
(c-a ) i G I e C L 4 sesesss pad
b el 2 , At

approaches (c-a)
(b-

o,

28
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The time path of sequence, would, therefore, depend on
the magnitude of (c-a) and (b-d).

Though least squares method is most commonly used in
this approach, other approaches have also been tried,
Feltner / 6 7 wused the two-stage least squares and limited
information methods, in addition to  the usual least squares
method, to estimate demand for a supply of livestock proaucts.
Feduced forms were used to determine the demand elasticity
of foodgrains and supply elasticity of livestock.

One of the merits, from the view point of statistical
efficiency, of using P to1 for the supply equation (19.a)
and Pyt for the demand equation (19.b) lies in the identi-

fication of the equations., A possible limitation of this
model as pointed out by West / 7_/ could be that the supply
functions derived in this approach may be inadequate or
improperly specified,

Demand Proijections in Agriculture

The demand projections in agriculture can be broadly

discussed under two broad heads, viz.,

a. Demand projections of agricultural commodities, and

b. Projections of demand for inputs in agriculture
such as fertilizer, seed, pesticides and weedicides, tractors,
pumping sets, etc.

1. Proiections of Demand for Agricultural Commodities

The demand for a commodity is a function of the price
of that commodity, the prices of its substitutes and
complementary goods, income and tastes of the consumer,
the population, etc.

= i} J ) cmmememmmm - 21
Sy T e Pst’,Pct, Ip» Jg ) (2D
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where

Dyt is the per capita demand for commodity Y in time 155

Pyt i1s the price per unit of Y in time 15

Pst is the price index of its competitive good in time t,
Pct is the price index of its complementary good in time 13
It is the per capita income in time "t, and
Ut includes all other factors.

Regression and simultaneous equations models have heen
used to project demand for agricultural commodities. The
latter approach is used in conjuction with the supply equa-
tion and was already been discussed earlier, We shall,
therefore, confine our present discussions to the use of
regression models in demand projections., The actual form of
these models and the variables considered therein vary from
study to study. For example, in his demand functions for
wheat in the United States, Schultz /[ 87 used simple

regression analysis considering only price of the commodity
and time, His basic model was

= Gl S S e e 2R
log Dyt a+b log Pyt+ CILEET I G [ (22)

where
Pyt would be the deflated price of that commodity

with some base year, and t is the time with the year of
origin being designated as zero. The third and the fourth
terms (having t and t2) represent the shifts in demand for
commodity Y the period of study.

The model presented in (22) does not take any cognizance
of the changes in the income of the consumers, Other limita-
tions of this model include assumptions with regard to
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(i) independence of successive observations, and (ii) identi-

fication of the system.

Another approach to making demand proiections of agri-
cultural commodities is mainly based on coefficients of
income elasticities, changes in per capita income and
expected increase in population. One model [ 9 ] incorpera-
ting these is given in (23)

al it "0 3
Dyt = Dyo Glensteiisc st R SR T (23)

where

Dyt is the per capita quantity of commodity ¥

demanded in time €.
Dyo is the per capita quantity of 7 demanded in the

base period,

I; is per capita income in the year of projection,
I, is the per capita income in the base year, and
L is the income elasticity of demand.

This model does not take into account the changes
either in the relative prices of commodities or in the
price elasticity. One formulation, in which both the price
and income elasticities of demand could be taken into
consideration is of the form given in (2L) and was used
by Wold and dJureen.

Dyt = P;i I: ——————————————————————— (2L)

where

T and I are the same as in (23)

Dyt’ €
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-

Pyt is the actual average price of. the commodity &t

time t, and e is the, price elasticity of demand,
Equation (24} was written as (24z) 2nd solved for e =nd E.

Log D = log & - e log P

E o T ” JF S ey )..LC
e log T 4 U (2La)

Yyt W t

A significant correlation between the income ani the
price will render this model unsaticfactory, Wold and
Jureen tried to overcome this by assuming that (a), e =
and (b) E = ke where k was a constant such that k Z_1 N
Accordingly, relationship in (24) was rewritten as the one
in (25) and estimates of e and T were obtained from (25) by

using the least squares method.

log Dyt = log a - ¢ (log Pyt - klog T)* U ~—oeoee (25)
Distributed log models have also heen used in de and

analysis by Nerlove /7 10_7,Koyck /11 7 and Ladd and
Martin /12 7 , to mention a few, In these models, thz
present consumption, among others, a function of the larsed
consumption. Due to a likelihood of the presence of auto-
correlated errors, autcregressive least squares method has
been found more satisfactory. These models appear to te
specially useful for the short run (say monthly or quartorly)
analysis of demand.

2. Projections of Demand for Agricultural Inputs

The demand for sgricultural iaputs could be derived
by using either the regression models as in the case of any
other agricultural commodity or the production function
approach,

A, Regression Approach :

Both, time series and cross-section data have been
used to derive demand functions and project demand for
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agricultural inputs like fertilirers, irrigation, farm
machinery and equipment,'labour, etc. Of these, the emphasis
has been on fertilizer studies (specially nitrogenous ferti-
lizers). In deriving the demand for nitrorenous fertiiizers
in India, one study [ 13/ treated the sale of these ferti- |
lizers as a function of acreage under important fertilizer *
consuming crops(euchas rice, wheat, sugarcanc, tohaccc, cotton,
potato, groundnut, etc.), and the irrigated area. The con-
sumption of nitrogen in different States in time t was
expressed as a function of the percentage cof cultivated land
irrigated during that period and the ratios of weightea
average price of nitrogen in the State in time *t to the
weighted average price of crops in the Statec in time t-1.

The Statewise demand projections for nitrogen were made

for each crop by simply multiplying the expected acreage
under that crop in a $State in year t by the average rate of
nitrogen application per acre. The price part was taken carc
of in the expected average rate of fertilizer application,
There have been studies on the demand for other inputs and
the actual model, its form and variables considered, depends,
among other things, on the nature of input for which the
demand functions are being derived. For example, in consi-
dering the demand for labour, we will have to consider the
relative wage rates in agriculture and other industries,
prices and availability of fara tiAachinery, general level

of agricultural prices, etc. The demand for agricultural
equipment and machinery would depend on its relative
profitability over human labour with respect to cost of

fuel and (oLl g (196

B. Production Functions Approach to the Derivation of
Tnput Demand function

While the projections made on the basis of the

regression models (whether from time series or cross data)
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are positive in nature, normative demand functions of inputs
for various commodities could ke derived from the production
functions of the agricultural output. These are normative
because they specify what ‘'cught to be' ratlier than 'what
would be' the demand for inputs,

[et T () B SRS S0 el 15 )

where Y is the quantity of ouvtput and I is the quantity
of fertilizer applied to obtain ¥.

The demand for a factor to raise a product is then
derived from the production function (of that product) by
first taking the derivative of output with respect tc the
input and equating it to the inverse of the price ratios
i.e.,price of input divided by the price of output,

dyy bE EROme ot S Bl A e o o (27)
dF HE
Putting the expression in (27) equal to the inverse

of the price ratics we get

NG By W I (28)

Yy
The expression in (28) is then solved for F.

This approach assumes that the farmer does not have
any other resource restriction and is using the profit
maximizing quantity of fertiligzer. The production functicns
approach, therefore, tends to give the upprer bound of the
demand for inputs,
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