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A REVIEW OF AGRICULTURAL SUPPLY RESPONSES

FOR INTERNATIONAL POLICY MODELS

Abstract

This study summarizes agricultural own-price supply responses in
developed and developing countries. A literature review of studies
that have estimated price elasticities of supply, including the
limitations of each study, is presented. The various methodologies
employed to estimate supply elasticities and their shortcomings are
explained. Finally, issues of interest to policy analysts are
discussed and evaluated based on the literature reviewed.

While it is recognized that some studies are better than others
due to different theoretical and methodolcgical approaches, the
existing literature has provided a wide range of estimates for supply
elasticities. Therefore, the "weight of the evidence" is used as a
criteria to draw the following conclusions regarding policy issues.

A comparison of supply elasticities for 1iggregate farm output and
for individual crops in the same country supports the hypothesis that
individual crops have a higher own-price supply response than
aggregate farm output. Moreover, by reviewing the elasticity
estimates for developing countries, the weight of the evidence
indicates that cash crops have larger own-price supply elasticities
than subsistence food crops. The elasticities of supply are also

compared among developed and developing countries for specific



commodities. The majority of the studies, for the majority of
commodities, rank developed countries as having larger own-price
supply elasticities than developing countries. Another important
finding from the literature reviewed for several developing countries
is that the policies directed toward increasing output prices ar=z
expected to be more successful in increasing output than those that
subsidize input prices. Finally, many of the studies reviewed in this
manuscript support the importance of non-price variables such as
credit availability, irrigation, fertilizer usage, and education in

increasing output.
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A REVIEW OF AGRICULTURAL SUPPLY RESPONSES

FOR INTERNATIONAL POLICY MODELS

I. INTRODUCTION

In order to increase agricultural production and support the farm
family, most of the farm programs in developed as well as developing
countries have concentrated on agricultural price policies. These
poclicies call for estimates of farmers responses to price, i.e., the
price elasticities of supply. These elasticities have been used to
predict:

l. The effect of government farm policies such as price support
programs, import and export taxes or subsidies on quantity produced.

2. The impact of demand shifters such as changes in export
demand, income, or population on prices and quantity of output.

This study swmarizes the agricultural price supply responses in
developed as well as developing countries. The specific objectives of
this study are:

l. To explain the methods that have been used to estimate
own-price supply elasticities and explore the shortcomings of each
method.

2. To investigate whether the supply elasticities are sreater in
developed countries than developing countries.

3. To see whether there exists a systematic pattern in supply
responses by developing countries to certain economic and policy

variables.



In the first part of this paper the formula for calculating
supply elasticities (short-run and long-run) and various methods used
in estimating these elasticities are presented. In the second part, a
literature review of the estimates of price elasticities of supply is

given. Finally, the shortcomings of the estimates are discussed.

II. VARIOUS METHODS FOR ESTIMATING OWN-PRICE SUPPLY ELASTICITY

Direct Estimation of the Supply Function
The own-price elasticity of supply measures the percentage change
in quantity supplied, acres under planting (or area harvested), or
yield as a result of a one percent change in the price of the crop.
The elasticities are usually calculated at the means of the variables
and are unit free,
The specification of a supply function for commodity i is of the

general form:

¥, =By + B P + BZPJ. *+ ByP + B,T +BW +e (1)
where:

Yi = the quantity supplied of commodity i

Pi = the price of commodity i

Pj = the price of other related commodities

Pc = the price of inputs used to produce i (cost of production)

T = the technology variable

W = the weather



The own-price elasticity of supply is measured from this direct supply

function as:

E, = B 2 (2)

~<|

Where E.l is the elasticitv of supply with respect to own price, and

I;i and ?i are the mean values for P and Y

Dynamic Supply Analysis

The static aggregate supply function is sufficient for studies of
supply elasticities if one assumes perfect competition, profit
maximization, perfect knowledge, and no fixed factors of production.
In this case, assuming all of the usual assumptions of static
economics and perfect competition, the supply curve would be the same
as the marginal cost curve. However, if we relax the static
assumptions, we have to consider dynamic supply analysis. 1In a
dynamic analysis, supply adjustment through time and the factors
affecting both the speed and magnitude of the ad justment are
considered. In agricultural supply response, the reaction to a change
in a causal variable is spread over a number of time periods. This
lapse of time between cause and effect is referred to as a lag and may
be of fixed duration or "distributed" over time.

Many theories have tried to explain the reason for "distributed
lags." Koyck and Nerlove have suggested three general reasons for the
existence of distributed lags: 1) technical reasons, 2) institutional

reasons, and 3) subjective or psychological reasons. Technical



reasons refer to the fact that production or output of physical goods
requires time. Institutional reason consider such factors as customs
and established contracts that block the immediate reaction to a
stimulus for change. The sub jective reasons for distributed lags
include the existence of uncertainty and the nature of the formulation
of expectations by producers (Trapp). The subjective reasons for
distributed lags originate from the fact that the current quantity of
supply is a function of expected prices rather than actual current
prices. Farmer's planting activity is assumed to be an investment
decision that is based on expected future prices with various
probabilities attached to them. That is, the farmer compares the
present value of the future flow of revenues with the present value of
the future flow of costs, all a function of price expectations among
other factors. The profit maximizing farmer would then decide on the
planting activity based on the potential profitability of various
crops.

Price expectations obviously involve uncertainty. Marc Nerlove
(1958) has made a significant contribution in this area by developing
a model that explains price expectations and supply responses. There
have been many pre-Nerlovian studies formulating price expectations.
The earliest and simplest explanation of agricultural price
expectations is embodied in the so-called Cobweb Model. According to
the Cobweb Model producers are influenced solely by the most recent
season's price and price expectations are that the last season's price
will prevail in the next period.

Richard Goodwin (1947) suggested a more sophisticated adaptive

approach to expectations which allowed Ffor a "learning" process on the



part of farmers (Askari and Cummings, 1976, p.26). 1In his approach,
the present expected price (Pte) was formulated as the actual
price in the last period plus or minus some proportion of the change

in the actual price between two periods ago and the last period:

e— -
o= Py # 8P 7P y) (3)

A critfcism of this model is that, similar to the Cobweb Model,
farmers are assumed to have very short memories.

L. M. Koyck (1954) developed a more satisfactory approach. In a
geometric lag model, Koyck acknowledged the fact that in many
time-series models a substantial period of time may pass between the
economic decision-making period and the final impact of a change in a
given policy variable such as prices., In Koyck's approach, past
experience is allowed to be of infinite duration, while more recent
information is weighted more (Askari and Cummings, 1976, p. 26). The
weights of the lagged explanatory variables are all positive and

decline geometrically with time. The model is as follows:

Q = a+ B(Pt; + wP + sz

1 £=2 " +..0.04 e, o<w<1 (4)

where:
Qt= the quantity supplied
Pt= the price of output
Equation (4) represents a distributed lag model because the

influence of prices on the mean output is distributed over a number of

lagged values of prices. It is a geometric lag model because the



weights given to prices decline in a geometric progression (Kmenta, pp
/,

473-474). Lagging equation (4) one period and calculating

Qt—th_l we find that:

Q, = a(l-w) + wQ._y * BP _,+ U (5)

This model (equations 4 and 5) have been rationalized in two
different ways: adaptive expectations model and partial adjustment
model,

Adaptive Expectations Model. 1In this model, the quantity

supplied is a function of expected output price.

- e
Qu 7 &5 * 4P + e (6)

Since the expected price is not directly observable, the following

equation states how it is determined.

e e e
Pp =Py "B(P 7P, ) 0<B<1 (7)
where:
e .
Pt = the expected price
Pt-l = the last period's actual price
B = the coefficient of expectation and is constant

"Such a formation of erpectations is based on the idea that
the current expectatiins are derived by me'ifying previous

expectations in light of the current experience." (Kmenta,
D. 474),

Equation (7) can be re-written as:

p®=8p 4 B(1-B)P,

) A
¢ £l + BUI-B)"P _,+ . . . (7a)

-3

]

~-

Substituting (7a) into (6) we will have:

*...] + e

= A + A B[P (1-B)P + (1 3)2
Q. = A, 1P e BIP Pr3 t (8)

Note that equation (8) is in the same furm as equation (4).

Lagging equation (8) one period and calculatiug Q{%I-BN%_I



we will have:

Q = AB + ABP | + (1-B)Q _, + N, (9)

1

Again, equation (9) is in the same form as equation (5).

Partial Adjustment or Habit Persistence Model. This model

gives an alternative rationalization of the geometric lag model. In
this model the optimal or desired level of output (Qt*) is a linear
function of actual lagged prices:

* =
Qf = A, + AP _ +e (10)

Since the optimal level of output is not observable, the

following equation is used to determine its level:

- = L
QQ- = 8Qf - Q)+ ®t2 o< § <1 (11)
where: § is the adjustment coefficient which shows the rate of
*
ad justment of Q to Q .

The values of Q*are not directly observable, but we assume
that an attempt is being made to bring the actual level of Q
to its desired level, and that such an attempt is only
partially successful during any one time period. The
reasons why a complete adjustment of Q to Q% is not
achieved in a single period may be varied; they may include
technological constraints, institutional rigidities,
persistence of habit, etc (Kmenta, p. 476).

Re-writing equation (11) we will have:

1
+ = e, (12)

%*
Substituting for Q, from equation (10) into equation (12) we will
have:

Q, = AS+aA

¢ GPt_l + (l-d)Qt_l + v (13)

1 t

We can see that equation (13) is in the same form as equations



(5) and (9).
By combing the adaptive expectation and the partial ad justment

model we will have a compound geometric lag model:

Q. = A +AP  +te (14)
Nerlove's model, which will be explained below, represents a compound
geometric lag model.

Nerlove's Model. Nerlove (1958) originated the work on the

dynamics of supply. Nerlove acknowledged the fact that entrepreneurs
respond to expected price. He then queries whether entrepreneurs
attempt to forecast the price or whether they instead try to
anticipate the normal level of future prices. If entrepreneurs
respond to expected '"mormal" prices, the question must be asked as to
what is "normal?" (Askari ard Cummings, 1976, pp. 28-31). Nerlove
begins by postulating that such expectations depend upon what prices
have actually been in the past, That is, in general, past prices
govern expectations about '"mormal" price levels. However, all past
prices do not have equal weights; the more recent prices have a
greater weight.

Nerlove's. model is based on the concept that the expected
"normal" price for producers is equal to last period's expected
"normal" price plus or minus some degree of ad justment depending upon
the elasticity of expectationl and last period's actual price
(equation 7). 1In Nerlove's Model of Adaptive Expectations, sellers
adapt their expectations of price according to past mistakes, in that
the change in expected price is proportional to the deviation between

actual and expected prices in the last period. Rewriting



equation (7):

e
e _ e _
Pe = Peg?t B(Pt--l P 1)

0<B<1 (15)

The value of zero for B implies that actual prices are totally
divorced from expectations. The value of one implies a Cobweb-type
model where expected prices are identical with last year's realized
price. Nerlove's model dynamically describes a supply response model
for which distinct estimates of all the parameters can be obtained
using either a maximum likelihood technique or a least squares

%
. ' .
technique. In Nerlove's model, optimal output (Qt) is a Function of

expected prices (Pte), non-price shifters and the weather (Zt):

- e
Q. =a,+ a;pP "+ a2, + U, (16)

*
Qt can also be defined as expected or long-run equilibrium
output,

This equation together with:

e = -
P - B = B(R__,-FT_ ) 0<e<l (17)
and
Q - Q_, =8, -q,_,) 0< 6<I (18)

yields a structure that describes dynamically a supply response model.
Equation (18) implies that actual output in each period is

ad justed as a fraction of the difference between the desired

(long~run) output and the previous period's actual output (partial

ad justment model).



After substituting the values of Qtw and Pte given by

(16) and (17) into (18) we will have:

® i-1
Q, A+ (1=8)Q ) +a¢ ;. B(1-B) Pooy *

a, z + e (19)

This model (represented by equations (16), (17), and (18)
reduces to a pure adaptive expectations model if &=1 and to a pure
partial ad justment model if B=l, and to a simple regression model if
§ =1and B =1,

The major criticism to the Nerlovian Model is that farmers'
expectations of prices do not necessarily change with observed price
changes if the farmers view these changes to be transient. Therefore
using equation (17) to approximate the formation of price expectations
may overestimate real expected price changes and as a result

underestimate the true aggregate supply elasticity,

Short-Run vs Long-Run Supply Elasticities

This study is interested not only in the short-run supply
elasticities, but also in the long-run elasticities. A short-run
supply elasticity measures the short-run supply response to a given
change in price. It is usually defined as the supply response
evolving in orne yearz. A long-run supply elasticity measures supply
response to a given change in price after sufficient time has passed
for ful. adjustments to the price chance to take place. That is, a
long-run supply elasticity is the supply response over many vears.

For example, a supply elasticity of 0.10 in the short-run and |

10



in the long run implies that a once-and-for-all increase of 10 percent
in farm prices would increase output by 1 percent in one year and 10
percent after many years. In a geometric lag supply model of the

form:

Q = A(l-w) + BP, + th—l + U, o<w<1 (20)

The short-run supply elasticity with respect to own price is

calculated as:

e =%—A9=M=&.-_P.
st ZAP AP/P AP Q

Usually the point supply elasticity is measured at the variable means ,

that is:

esr=§J;._£_=B.
Q

Ol |

Again, this short-run supply elasticity shows the response of output
over one year or less to a once-and-for-all change in price. For
calculating the long-run supply elasticity it is assumed that enough
time is allowed for all the adjustments to this sustained price change
to take place. The long-run supply elasticity with respect to price

which is implied by a geometric lag model is calculated as follows:

Q = A(l-w) + BP_ + wQ,_, *+ U o<w<1

11



Period AQ/ AP

t B

t+l B + wB = B(l+w)
£+2 B( Lewsw?)

t+j B(l+wt, .. +wd)

In the long run as j + =

A . B

APt l-vw
Therefore, the long-run supply elasticity is equal to the short run
supply elasticity divided by the adjustment coefficient whick is
(l-w). The larger the coefficient of the lagged dependent variable
(w), the lower the adjustment coefficient (l-w) will be, which means
it takes a longer time for the output to ad just to its long-run value
after a price change. 1In other words the long-run own-price supply
elasticity will be much greater than the short-run elasticity. The
lower the coefficient of the lagged dependent variable, the faster
output reaches its long run equilibrium value, and therefore short-run
elasticity will be closer to its long-run value.

In a Nerlovian type supply function, own-price short-run and
long-run supply response is likely to be underestimated by
conveational empirical procedures (Tweeten, December 1985). The
following discussion on the bias in supply elasticity estimates is
from Tweeten, December 1985, Appendix B.

Brrors in the independent variables bias estimates of supply
elasticities toward zero. The ordinary least squares astimate of the

price coefficient (B) in a direct supply function of the form:

Q=A+BP +e¢e

12



is:

(3]
[w]

D T R (20a)

where u is the error in the independent variable P. Assuming the
error in q is independent of p, and the error in p is independent of q

and e, the above equation can be written as:

The errors in independent variables will bias the short- and long-run
elasticities downward as Eu2>0.

However, misspecification error that is caused from failure to
include a relevant independent variable may bias the estimates of
elasticities downward or upward, depending on the sign of the simple
correlation of the omitted variable and P and the direction of the
effect of the omitted variable on Q. 1If the omitted variable is
positively correlated with price, and has a negative impact on output,
for example price of substitutes, the estimates will be biased towards
zero. That is, if the output price increase is accompanied with
competing crop price increase, there may be a substitution of other
crops for the crop under study. Therefore, the own-price supply
elasticity which should measure the response of output with regard to
its own price assuming all other prices are constant, will be
underestimated. 1If the omitted variable is positively correlated with
price and has a positive impact on output, the supply elasticity 1is

biased upward. However, if the omitred variable is negatively

correlated with price and has a positive impact on output, then the

13



supply elasticity estimate would be biased downward. An example for
this case is technology that via its effect on output supply will
lower the price. Therefore, if the technology variable is not
included in the supply equation, the estimates of short-run and
long-run elasticities will be biased towards zero. On the other hand,
the omission of the technology variable may also bias the long=-run
supply elasticity upward. This is because technology can have a large
impact on output and its omission would bias the coefficient of the
lagged dependent variabie upward and therefore biases the ad justment
coefficient towards zero, Everything else being the same, this will
cause an upward bias in the long-run own-price supply elasticity.

The formulation of price expectation is also very important:

Failure to include all relevant past prices in expectation

variables biases supply response towards zero (Tweeten,
December 1985, p. 48).

' expectations of future prices may not only be based on the

Farmers
immediate past prices but several period's last prices. Therefore,
omission of the relevant lagged prices may underestimate the short-
and long-run supply responses.

In some of the supply response studies in the literature, the
lagged dependent variable is excluded from the direct supply
functions. When not specified, we assume the calculated elasticities
to be short-run. However, these elasticities underestimate *the true

short-run elasticities if a negative correlation exists be-ween the

lagged dependent variable and prices.

14



Weighted Average of Input Demand Elasticities

Another approach that has been used to estimate aggregate supply
elasticity from time series dara is the weighted average of all the
elasticities of demand for individual agricultural inputs with respect
to the price of output (Griliches 1959),

Tweeten and Quance (1969) used the following formula to estimate

aggregate supply elasticity for U.S. farm output:

Eop = zi‘;l Eoi Eip (21)
where:
Eop = the supply elasticity of output with respect to its own
price
Eoi = the elasticity of output with respect to input i
Eip = the elasticity of demand for input i with respect to the

price of output
This approach3 has an advantage over the direct supply function
estimation as it requires no data on the technology variable which is
hard to measure and which is not available for individual commodities
(Tweeten, July 1985, p. 11). If data are available,4 this method is
likely to provide unbiased estimates of input and aggregate supply

elasticities.

15



Aggregation of Area and Yield Elasticities

Supply elasticities for crops can also be computed from area and

yield responses to price. That is, the total elasticity of farm crops

with respect to crop prices can be calculated by aggregating the

acreage elasticity and the yield elasticity with respect to price

(Tweeten and Quance, p. 348).

E =

Q
where:

E =

Q

EA =

EY

E (22)

the supply elasticity of commodity output with respect to

commodity price

the elasticity of acreage with respect to commodity price

the elasticity of yield with respect to commodity price

ad justed for the negative effect of higher acreage on yields as

production moves to lower yielding land. 1In other studies the formula

for own price supply elasticity calculated from area and yield

responses is specified as (Ito, et al.):

E =
q/p

where:

E =
q/p

E =
yd/p

Eyd/a=

E +
yd/p

the

the

the

the

E (1 + (23)

a/p E“yd/a)

own-price elasticity for production
price elasticity of yield
price elasticity of acreage

area elasticity of yield, this term is supposed to

capture the negative effect of higher acreage on yield.
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Programming Approach

"Programming Models", especially linear programming models, have
been used to estimate supply elasticities. This procedure involves
estimating a lin ¢ model which describes the production system of
each of the refirence farms by specifying a set of linear, additive
production functions for each possible output that the farm can
produce and the bounds on the availability of factors of proluction
(Colman, p. 203). The system is estimated assuming an obiective
function, such as profit maximization or risk aversioi. The
endogenous variables are the output and input levels fcr each farr
given the production technology, output and input prices as exogenous
to the system.

By solving this system of production for various sets of prices,
one can trace out the supply-price relationship for each commodity and
for each reference farm. The market level supply~-response
relationship can be obtained by aggregating this supply~-price function
for the individual farms in the reference groups.

The criticisms to this approach have been that the programming
approach is of a partial character in the sense that it traces out
supply~-price relationships for particular products given sutput and
input prices.

No attempt is made to summarize in a formal functional

statement the multidimensional response surface between

outputs and prices which is implied by the simulated
numerical results., 1In fact, because of the stepped and
irregular nature of response schedules derived from linear

programming models, such a characterization is not
practicable (Colman, p. 203).
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Simulation Approach

"Simulation Models" have been used to estimate supply responses.
Examples are the USDA's World Grain-Oilseeds-Livestock (GOL) Model
(Rojko, et.al, 1978 and Liu and Roningen, 1985), and the International
Institute for Applied System Analysis (IIASA) Model (Seeley, 1985).
The simulation systems are based on country and regional models, a
world market clearing model linking the country and regional rmodels,
and econometrically estimated coefficients which simulate the
supply-demand quantities, prices, and policies for various commodities
for several countries (Seeley, p. 1, Liu and Roningen p. 1). The
mathematical relationships underlying the USDA's GOL Model are grouped
into nine major components (Rojko, et al., Vol. l, pp. 3-4):

l. Demand block - livestock

2. Supply block - livestock

3. Demand block - feed

4, Demand block - food grains

5. Supply block

crops: area, production

6. Price linkages within regions

7. Regional equilibrium

8. Price equations linking regions

9. World equilibrium equations for each commodity

The limitations of these studies have been that these models are
mostly used for projection purposes and they use highly aggregated
data. In some of these models supply elasticities measure the supply
response to the world price of the product and therefore over- or

under-estimate the supply elasticity with respect to domestic prices
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depending on the price transmission elasticities. These elasticities
measure the response of a country's domestic price to changes in the
world price. Also, many coefficients including supply elasticities
are adjusted to fit the model the best:

In order to have a global modeling system which can be
successfully solved, coefficients were sometimes changed
from their originally estimated values to overcome solution
problems. Estimated price elasticities which presented
solution problems were generally reduced in absolute value.
Also, small values were given to some low-valued current
price elasticities to help speed up the solution process
(Liu and Roningen, p. 22).

One should be aware of these adjustments when using the reported
elasticities from the simulation models. Another ambiguity is
regarding the short-run vs. long-run elasticities. It is not clear
from the models whether the reported elasticities reflect only a
short-run response or they are supposed to capture the long=~run

responses to changes in price.

Duality Approach
The "Dual" method is another approach for estimating supply
‘responses. This approach has become popular during the last ten
years,

A reason for the increasing popularity of the use of duality
in applied economic analysis is that it allows greater
flexibility in the specification of factor demand and output
supply response equations and permits a very close
relationship between economics and practice. The use of
duality allows us to side-step the problems of solving first
order conditions by directly specifying suitable minimum
cosc function or maximum profit function rather than
production or transformation functions. An advantage of
starting by specifying a cost or profit function rather than
the underlying transformation function is that in order to
derive the estimating factor demand and output supply
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responses there is no need to solve any complex system of
first order conditions, The behavioral response equations
are obtained by simple differentiation of the dual function
with respect to input and/or output prices. The major
advantage of this is that it implies less algebraic
manipulations and, more importantly, it allows us to specify
more complex functional forms which impose much less
restriction on the estimating equations (i.e., we do not
need to impose restrictions on the values of the
elasticities of substitution, separability, homotheticitv,
etc.) (Lopez, 1982, p. 353).

The foundations for the dual approachS are the indirect profit
and cost functions which are obtained from profit maximization and

constrained cost minimization (the primal problems).

The Profit Function Approach

From the primal solution, factor demand and product supply
equations can be derived from profit maximization. Equation (24)
represents the profit function for a single product (the direct profit

function).

S0
= P.Y- I r.x (24)

where

P = price of output

Y = the quantity of output

r, = the price of input i

x, = the quantity of input 1
The production function 1is:

Y = f(xl, ces Xh) (25)

Duality theor uses an indirect profit function which is defined as
the maximum profit associated with given output and input prices. One

way to derive the indirect profit function is to obtain factor demand
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and product supply functions from primal solution, that is from

equation 24 (assuming one output and two inputs):

A _ N

Fol 0 > X = X (P,rl,rz) (26)
1

31 oy Kk

az- 0 = X, = X, (P,rl,rz) (27)

where:

* * . 13 . . e .
X) and x, are profit maximizing levels of inputs.
substituting for Xy and X, from (26) and (27) into (25) we obtain

*
the profit maximizing level of output (Y ):
A ) (28)
Y = f(P,rl,r2
substituting (26), (27) and (28) into (24) gives:

* * *
=Py (P,rl,rz) - rlxl(P,rl,rz) - rzxz(P,rl,rz)

or
¥=¥,r,r) (29)
Equation (29) is an indirect profit function. Note that this
profit function shows profit as a function of prices only and not
quantities.6 The advantage of estimating an.indirect profit
function that is a function of prices (and quantities of fixed factors
of production) only over estimating a production function (or revenue
functions) that expresses quantity of output as a function of
quantities of all inputs, is that no endogenous variable (cutput or
input levels) is included in the indirect profit function as
explanatory variable and therefore simultaneous equation problems are

avoided in the econometric estimates (Lopez, 1984),
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This becomes especially importaut when estimating output
elasticities with respect to the fixed factors of production. The
reduced form elasticities obtaineé from an indirect profit function
(the duality approach) reflect the output supply response of a profit-
maximizing, price taking firm assuming prices of variable factors and
quantities of other fixed factors remaining constant. However, unlike
the production function elasticities, they do allow for the ad justment
of the quantities of variable factors to the fixed factor increase.
As the quantity of a fixed factor (such as capital) increases, the
marginal productivity of all variable factors is expected to rise.
This increase in the marginal productivity will shift the factor
demand curves to the right, and as a result the profit maximizing firm
will employ more of the variable factors. Under these conditions the

mutatis mutandis elacticities obtained from the duality approach

seem to be more appropriate in policy analysis than the ceteris
paribus elasticities obtained from a direct product function (Lau and
7
Yotopoulos, p. 17).
. . . . 8
An 1mportant concept in duality is the Envelope Theorem. A
very important result of the Envelope Theorem (sometimes referred to
as Hotelling's Lemma) is that by taking partial derivatives of the
indirect profit functions with respect to the price of output and the

prices of inputs we obtain the output supply and input demand

equations, that is:

ny
A o e, ,r) (30)
P 01Ty
A *
'é';_: = X, (P,rl,rz) (31)
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Equation (30)
represents input

The conven
the indire

represents an output supply equation while (31)
demand equations,

ience of duality should be apparent. If we know
ct profit function we can get the unconditional

factor demand and product supply functions by simple partial

differenti

ation - quite an analytical advantage K indeed

(Beattie and Taylor, p. 226).

The following example is given for further clarification of the

duality approach., This example is from Lau and Yotopoulos (1972).

Assume a firm's production function as:

Y =
where:

Y =

X =

z =
Substituting (32)

Ll =

where:

r. =
i
Dividing both

will have:

where

]

oj=a

~
1]

f(xl,...,xn;zl,...,zm) (32)

quantity of output

quantity of variable inputs

quantity of fixed inputs

into (24) we will have:

P.f(xl,...,xn;zl,...,zm) - 22=1 T.ox (33)
profit defined as current revenues less current
total variable costs

unit price of output

unit price of the ith variable input.

sides of equation (33) by P (unit price of output) we

—%— =E(xl""’xn;zl""’zm)"Z?=l r. X, (34)

1 1

T is defined as the Unit-Output-Price (UOP) profit

r,
—%— is the normalized price of the ith input.

23



Let us re-write equations (26) and (27) as:

*

X. = f.(r', 2z), i=1l,...,n (35)
i i
where:
* . 13 . . [ 3
xi = the optimal quantities of variable input i
r' = the vector of normalized price of variable inputs
z = the vector of fixed inputs.

By substituting (35) into (33) we will have:
1

* * n *
¥ = P.[f(xl,...,xn,zl,...,zm) -Ei=1 T, xi] (36)

Equation (36) gives the maximized value of the profit for each set of

]
values for P, T and z.

Rewriting (36) as a function of r' and z (from 35)

x 1
T =rp.G (rl,...,rn;zl,...,zm) (37)

The UOP profit function is thereforc given by

?('v*, .
p= 1 = G (rl,...,rn,zl,...,zm) (38)

-

From §f (the UOP profit function) one can always find rT\far.d visa
versa. It is known that the UOP production function is decreasing and
convex in the normalized prices of variable inputs and increasing in
quantities of fixed inputs and in the money price of the output,

From the Envelope Theorem:

X? = - .3__'.‘-1_'(_7.'___)_' Z) i=l,...,n (39)
) ar,

i

- 1 ]
% ]
YUl SO SPL IS L LC U ) B ) (40)
i=1
Bri
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where: Y* is the supply function.

For empirical estimation of derived input demand functions (equation
39) and the UOP (sometimes referred to as normalized) profit function
(equation 38, or alternatively the supply function, equation 40), they
must be estimated jointly because of the existence of parameters that
are common to both equations. In most empirical studies a method
developed by Zellner is used which imposes the restriction of equality
of parameters in these equations,

The advantages of working with the UOP profit function instead of
the traditional production function can be summarized in the following
(Lau and Yotopoulos, pp. 12-13):

l. The input demand and output supply f 1ctions (equations 39
and 40) can be directly derived from an arbitrary normalized
indirect profit function (UOP profit function) which is decreasing and
convex in the normalized variable input prices and increasing in the
fixed factors of production. Hence, explicit specification of the
production function (equation 32) is not needed. And therefore,

without solving for first order conditions for a profit-maximizing

af

Bxi

can be derived. This would provide a great amount of flexibility in

firm (p. =r, or MPi = r'i) the input demand functions
empirical analysis.

2. By the duality approach, because the derived factor demand
and output supply functirns are obtained from a profit function, the
assumptions of profit maximization and competitive markets are
assured.

3. As was mentioned before, the simultaneous equation bias is

avoided because the profit, output supply, and input demand functions
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are explicitly written as functions of exogenous variables (output and
variable input.prices and quantities of fixed factors) which are
considered to be determined independently of the firm's behavior.

The indirect profit functions associated with various single-
output, multi-input production functions (Generalized Cobb-Douglas,

Quadratic, CES) are given in Appendix I .

The Cosc Function Approach

This approach has been used to measure factor demand
elasticities, elasticities of substitution and technical change in
agriculture (Lopez, 1982, p. 354).

In this method an indirect cost function is defined as the
minimum cost required to produce a given level of output at given

factor prices. Equation (41) represents an indirect cost function:
'<\:‘=3’(r1,...,rn,y) (41)

Another important result of the Envelope Theorem (usually is
referred to as Shephard's Lemma) is that by partial differentiating of
the indirect cost function (equation 41) with respect to input prices

we obtain the input demand functions, that is:

n
ac _ ¢
ari— Xi(rl,...,rn,y) (42)

where xci is the conditional factor demand equation (conditional on

the level of output), also:

-

=MC(r1,...,rn,y) (43)

which is the marginal cost function. By equating (43) to price we
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obtain the product supply equation:

* %
Y =Y(P,r1,...,r ) (44)
n

The indirect cost functions associated with various single~-output,
multi-input production functions (Cobb-Douglas, Quadratic, CES) are
given in Appendix I.

An important limitation of the cost function approach of the dual
metho< 1is that:

«..1it assumes that output levels are not affected by factor

price changes and, thus, the indirect effect of factor price

changes (via output levels) on factor demands are ignored.

Moreover, the inclusion of output levels as explanatory

variables may lead to simultaneous equation biases if output

levels are not indeed exogenous. The profit function
approach allows one fo overcome most of these problems
although at the cost of requiring a stronger behavioral
assumption. The profit maximization assumption may be
substantially more difficult to support in agriculture than
simple cost minimization because of risk related problems
which are mainly related to the variability of output yields

and price rather than to costs of production (Lopez, 1982,

pp. 356-357).

Limitations of the application of the duality approach (indirect
profit or cost functions) are:

l. The duality approach is more of a micro-firm level approach
and it should be applied to a profit maximizing individual firm's
data., However, many of the empirical estimations in agricultural
economics have applied the duality approach to aggregate level data in
order to derive output supply and input demand functions for a country
or region. The appropriateness of the results is therefore
questionable,

2, In most cases, it is difficult to explicitly determine

whether the estimated elasticities from the dual method are short-run

or long-run elasticities. One approach used in this study to
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distinguish short- and long-run elasticities has been to verify
whether the indirect profit or cost functions include fixed factors of
production. If they do, then it is assumed that the estimated
elasticities are short-run. On the other hand, if the indirect profit
or cost functions do not include any fixed inputs, then the estimated
elasticities are assumed to be long-run.

3. The dual approach assumes a profit maximizing or cost
minimizing production unit. As a result, this approach may not be the
appropriate method to be applied to the developing countries
subsistence farmers. These farmers may not necessarily be profit
maximizers or cost minimizers, but only risk minimizers.

4. Although very important in decision making regarding annual
or prennial crop production, price expectations have not yet been
incorporated into the dual approach. It may be more appropriate to
include expected prices rather than current prices in the indirect

profit functionm.

An Explanation of the Marketed Surplus

Before concluding this chapter, given the important policy
implications that this component has, an explanation of the marketed
surplus is necessary. 1In many developing countries, the policy makers
are not only interested in agricultural output responses to changes in
price, but also in the response of the marketed portion of total
output to this price change.

Marketed surplus determines the supply to urban and other rural
areas and is obtained by subtracting from total production the

quantity of on-farm consumption., A policy that increases output
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prices can have two opposite effects on the marketed surplus: an
income effect and a direct price effect. As output prices increase,
fFarmer's income would increase and that would result in an increase in
the on-farm consumption of the product and a reduction in the marketed
surplus as a result. However, a price increase would also have a
positive effect on output and therefore on the marketed surplus. The
positive demand response to a price change can partly offset the
production response which would lower the net responsiveness of the
marketed surplus to a price change (Scandizzo and Bruce, p. 67). 1In
other words one would expect a lower price elasticity of marketed
surplus than that of output.

On the contrary, some have argued that the magnitude of the own
price marketed surplus elasticity may be a good deal higher than the
own price output elasticity (Strauss, 1983, p. 48). This argument is
based on the assumption that the total own price elasticity of
consumption is negative and therefore, a price increase would reduce
quantity of consumption which will reinforce the effect of increased
production and would therefore increase the marketed surplus
elasticity. However, this argument does not consider the income
effect of a price increase on consumption which if large enough may
cause a negative elasticity for marketed surplus, For many low income
households the estimates indicate a positive on-farm coasumption
elasticity with respect to the crop price.

In the next section a literature review of own-price supply
elasticity estimates for various countries and several agricultural

commodities will be given.
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ITI. A LITERATURE REVIEW OF THE PRICE

ELASTICITY ESTIMATES OF SUPPLY

This section reviews agricultural own-price supply elasticities
for various commoditi=zs and regions from the published literature,
including an explanation of the methodology and criticisms to each
study. The review covers aggregate farm output as well as individual
annual cash and subsistence crops and prennial crops. The studies are
classified into three categories: the studies pertaining to the U.S.,
the studies covering other developed countries, and the literature

related to the developing countries.

The United States

Aggregate Farm Qutput

Griliches (1959) estimates supply responses for U.S. aggregate
output from estimated input demand elasticities. 1In Griliches's
model, supply elasticity is expressed as a weighted average of all the
elasticities of demand for individual inputs with respect to the price
of the output (equation 21). The weights are the share of each factor
in total costs or revenue. The assumptions of the model are given and
fixed input prices implying an infinitely elastic supply of factors.

By calculating input demand elasticities and their distributive
shares for various time periods in the 1911-1957 period and for
cross-section data for various states, Griliches then calculates the
short-run and long-run aggregate farm supply elasticities as shown in
Table 1, Appendix II. Estimates in columns (1) and (2) in Table 1 are
obtained by two different estimates for weights in the output

elasticity formula.
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Limitations of the estimates (Griliches, 1959, p. 320):

l. These estimates are the result of a set of "illustrative"
calculations because of the lack of necessary information. Although
all the figures are of the right order of magnitude, some are based on
very little evidence.

2, These results may overestimate supply responses because

they are based on the assumption of constant factor prices (except
land)}. Therefore these estimates are not "total' or "absolute " price
supply elasticity but "partial or "relative" price supply elasticity.
Partial price supply elasticity represents the clasticity of the
aggregate farm supply function with respect to product prices holding
factor prices constant, or with respect to relative (real) price of
products. One should consider the partial nature of these
elasticities while comparing them with estimates from other studies,
Griliches (1959) shows that the '"total" supply elasticity with respect
to the absolute price of products will be lower than the supply
elasticity with respect to the '"real" price of products.,

I do not feel that this reservation is very important in a

full employment economy, but it could result in a reduction

of about one-half in the estimated elasticities (Griliches,

1959, p. 321).

Griliches (1960) estimated supply elasticity for aggregate U.S.
farm output by direct estimation of the supply function using a
distributed lag model, and assuming a Cobb-Douglas type aggregate farm
production function. In Griliches model, supply of farm products was
expressed as a function of relative prices, weather, the state of

technology, and lagged output. The relative price variable is the

"real" price of farm products index which is measured by the index of

prices received relative to the index of prices paid for production
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items, wages, taxes, and interest. The lagged farm output is used to
incorporate the fact that farmers may respond only slowly to changes
in relative prices and other variables. A trend variable is included
to measure the effect of technological changes on output.

The supply elasticities are estimated not only for aggregate
output but for the sub-aggregates: '"all crops" and "livestock and
livestock products." The analysis of the sub-aggregates covers the
period 1911-58, whereas the aggregate output analysis 1s restricted to
1920-57 period. 1In the analysis of "livestock and livestock products"
the weather variable is not included and the price of feed is treated
separately. The short-run and long-run supply elasticity estimates
are presented in Table 2, Appendix II.

Also estimated are the supply elasticities for an earlier and for
a more recent sub-period within the entire period under study. The
results indicate a short-run supply elasticity for the more recent
period of 0.17 for aggregate farm output and 0.16 for all crops, while
an elasticity of 0.4 for the earlier sub-period for livestock and
livestock products. For "all crops" there is no significant price
response during the earlier sub-period.

Limitations of the estimates (Griliches, 1960):

The estimate of the long-run supply elasticity severely

underestimates the "true" long-run supply elasticity because much of

what is attributed to the technological change (the trend variable) is
actually due to chauges in relative prices that are not captured by
the conventional price indices (Griliches, 1960, p. 238). Griliches
argues that in his 1959 supply elasticity estimates which are derived

from estimates of input demand elasticities (Table 1), the role of
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"trend" is taken over by the price variables leading to higher
elasticity estimates.

Hence, the somewhat higher price elasticities found in the
demand studies for various agricultural inputs are due
mostly to a somewhat different concept of '"price". Thus a
large part of what appears as "trend" in this study, I
believe, is really a response to a change in relative
prices, a response to the fall in the price of a "constant
quality unit" of purchased agricultural inputs—-fertilizer,
farm machinery, insecticides, and others (Griliches, 1960,
p. 292).

Tweeten and Quance (1969) estimated aggregate farm output supply
elasticities for the U.S. by three methods:

1. Direct least squares estimates of the aggregate supply

function. In this model, index of aggregate farm output was
regressed on the lagged index of the ratio of prices received by
farmers for crops and livestock to prices paid by farmers for items
used in production; the beginning of the year stock of productive farm
assets (including real estate, machinery, feed, livestock and cash
held for productive purposes); and productivity index (the ratio of
farm output to all farm production inputs which is supposed to reflect
changes in management and technology as well as fluctuations in
productivity induced by weather). The observation period was
1921-1966, excluding 1942-1947 (Table 3, Appendix II).
Limitations of the estimates (Tweeten and Quance, p. 348):

The estimate of long-run supply elasticity is biased toward

zero because of high correlation between productive assets,
productivity, and lagged output (when included).

2, Aggregate supply elasticity computed from crop and livestock

components. 1In this model, own-price supply elasticity of total farm
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output with respect to product price is measured as a weighted sum of

the livestock and crop supply elasticities.

Eop = Ecp c/0 + Elp L/O + ElcEcp L/0
where:
0 = total farm output
C = crop Outpuf
L = livestock output
P = the index of prices received by farmers
EOP = tihe supply elasticity of total farm output with respect

to prices received by farmers

Ecp = the supply elasticity of crop output with respect to
prices received by farmers

Elp = the supply elasticity of livestock output with respect to
prices received by farmers

Elc = the elasticity of livestock output with respect to crop

output

The own-price supply elasticity for crops is calculated as the
acreage elasticity plus the yield elasticity corrected for the
negative effect of higher acreage on yields as production moves to
lower yielding land (Equation 22). For livestock, as there is no
empirical evidence that the increasing number of animal units
depresses the yield per unit, the supply elasticity of total livestock
output is the simple sum of the unit and yield components. The
calculated elasticities from this method are presented in Table 4,

Appendix II.

Limitations of the estimates (Tweeten & Quance, P. 349):
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Because of the low reliability of some of the estimates such as
Elc’ the elasticities must be interpreted with caution.

3. Aggregate elasticity of supply computed from farm input

components. Formula 2] (explained in the previous section) is used

for the estimation of own price elasticities. The results are
presented in Table 5, Appendix II.

Limitations of the estimates (Tweeten and Quance, 1969, p. 351):

It is argued that these elasticity estimates apply primarily when
farm prices are increasing. Supply elasticities tend to be reduced jin
periods of decreasing farm prices because of fixity of assets. If
only operating inputs are variable when prices fall, the short-run
elasticity is reduced from 0.26 to 0.18, and the long-run elasticity
is reduced from 1.52 to 0.82.

Bruce L. Gardner (1979) criticizes the indirect approach for
measuring supply elasticities from estimates of input demand
elasticities used by Griliches, Tweeten and Quance. He argues, that
in their estimates, input prices are held constant and therefore the
estimates yield questionable rasults which tend to overstate aggregate
sui)ply elasticity. Gardner (1979) introduces a two-product,
two-factor model which specifies the elasticity of product supply as a
function of input supply elasticities, alternative product demand
elasticity, elasticity of substitution between production inputs,
relative factor intensity of the product, and relative importance of
the production in its uses of resources.

The more elastic are input supply functions, the more elastic the
product supply would be. The elasticity of demand for altermative

product also affec.s the supply elasticity for the crop under study:

35



as the price of the crop under study goes up, the input price will
increase which will lead to an increase in the price of the
alternative crop. This increase in price results in a decrease in
quantity demanded for the alternative product. This will release
inputs for use in producing the product whose price originally rose.
Therefore, he argues that the analysis of supply elasticity, based on
single-product models, does not consider the substitution of resources
from one commodity to another and therefore results in biased
estimates.

Limitations of the estimates (Gardner, p. 475):

This model is restricted to a two-product, two-inputs framework.
The other restriction is its lack of distinction between short- and
long-run elasticities. 1t also neglects the role of uncertainty.

Antle (1984) uses duality theory (a single product translog
profit function) to measure input demand and aggregate output supply
elasticity for the U. S., using annual time-series data for the
1910-78 period (excluding 1919-21 and 1924-34 periods). Output supply
elasticities, along with estimates of input demand elasticities, are
calculated at the sample means of data. The results indicate that
supply elasticities show a marked reduction in the postwar period
compared to the prewar period which ‘udicate a fundamental change in
the technology structure. Antle gives the more capital intensive
postwar technology as one explanation for the reduced price
responsiveness., Table 6, Appendix II presents the own-price supply
elasticities. Under the homotheticity and symmetry restrictions, the
supply elasticities are 2.485 for the 1910-46 and 1.440 for the

1947-78 period compared to 1.349 and .427 without these restrictions,
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Antle further adds that the postwar inelastic aggregate supply
function estimated from the model is consistent with those of Weaver's
(1983), ranging from .4 to .73, and Shumways (1983), ranging from .25
to .72.9 Supply elasticities estimated from Antle's Model are
assumed to be short-run because of the inclusion of the vector of
exogenous variables in addition to the normalized input prices in the
restricted normalized profit function. 1In addition, the conclusion of
this study implies a short-run analysis as there were no sustained
price changes in the 1910-46 period:

Hayami and Ruttan argued that the historically high
land/labor ratio in the United States and the scientific
advances of the twentieth century led both private
entrepreneurs and public institutions to develop
agricultural innovations that provided substitutes for
scarce labor and complements for abundant land in the form
of mechanical, chemical, and biological technology (Ant le,
P. 414). These (Antle's) results suggest that the
Hayami-Ruttan theory is best viewed as a theory of long-run
behavior with possibly long lags between relative factor
price trends and the creation and adoption of new
techniques. When factor and product price trends change
directions in relatively short periods, as they did during
1910-46, the technology may not follow the long-run trend
(Antle, p. 420).

Individual Commodity Studies

Corn: Whittaker and Bancroft (1979) criticized the use of
time-series observations for estimating parameters of acreage response
models because of the technological advances and changes in model's
coefficients that can take place during the long time periods under
analyses. 1Instead, pooled time-series and cross-sectional data were
used to estimate the parameters of a Midwest corn acreage response
function. The cross-sectional data covered four Midwestern States:

Indiana, Illinois, Ohio, and Towa, and time-series
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observations on these four states covered the years 1963 through 1974,

Whittaker and Bancroft's Model specifies each state's planted
corn acreage as a function of the state's lagged average market price
of corn, state's lagged average market price of soybeans, announced
U.S. government corn diversion price times the fraction of the base
corn acreage eligible for diversion (GDP), binary variable set equal
to one in years in which direct support payments were iucluded in GDP,
and binary variable intercept shifters for Illinois, Ohio aand Iowa.
The model was estimated in a double logarithmic functional formlo
using Ordinary Least Squares Method of estimation.

The estimated own-price corn acreage elasticity was .2211 This
figure is relatively high when compared with the own-price acreage
elasticity figures estimated by Penn, Houck et al., and Ryan and Abel,
which are all in the range of .12 to .17. Whittaker and Bancroft give
the following explanations for this difference in acreage elasticity
estimates:

l. Other studies used time-series data starting in the late
1940s or early 1950s. Whittaker and Bancroft used data starting in
1963. Elasticities may not be constant over time.

2. The price variable used in other studies was weighted
corn-price support rates, while Whittaker and Bancroft used lagged
market price.

3. Other models were linear in prices and acreages and therefore
elasticities were measured at the means; Whittaker and Bancroft used
the double logarithmic functional form implying constant acreage

elasticity.
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Reed and Riggins (1981) investigated the gain in explanatory
power which can accrue to acreage supply functions for corn in
Kentucky when data are disaggregated beyond the state level. 1In this
study an acreage supply function was fitted for corn with sub-state
data. The results were then compared with those of an acreage supply
function using statewide data. The acreage planted to corn in each
area is specified as a function of lagged relative price of corn,
lagged relative price of soybeans, lagged area of corn planted ir that
area, and measures of government programs for that period.

The model was applied to acres devoted to corn in Kentucky for
the 1960-79 period. Kentucky was broken into 14 areas. The acreage
response equation for each area was estimated using the seemingly
unrelated regrcssions. The coefficient for lagged price of corn was
significantly different from zero in five of the lé&4 equations, The
elasticity estimates using area data are presented in Table 7,
Appendix II. The statewide agmregate results for corn acreage were
rather poor. Therefore, it was concluded that area equations are far
superior to the statewide analysis.

Askari and Cummings (1976) report short-run own-price supply
elasticities for U. S. corn ranging from 0.09 to 1.02. These
estimates are by Nerlove for the 1909-1932 period, and they cover the
range of short-run supply elasticities by Reed and Riggins,

Rice: 1Ito, Wailes, and Grant (1985) applied equation (23) to
annual data for 1962 through 1981 to estimate production elasticities

from yield and acreage elasticities for seven Asian countries. For
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comparison, similar data for the U.S. were also reported. United
States showed no yield response to a change in price in the short- or
long-run, therefore the U.S. price elasticity for yield was assumed to
be zero. Acreage response showed negative impact on yield in the
countries with production limitation programs including the U.S. Area
elasticities were less than one in the short- and long-run (Table 8,
Appendix I1).

Wheat: Morzuch, et al. (1980) estimated planted wheat acreage
supply elasticities for each of several leading wheat-producing states
using a direct supply function for the period 1948-74, 1In their
estimations (Model A), acreage planted to wheat is specified as a
function of the expected relative price (the expected price of wheat
divided by an index of expected prices for competing crops), trend (to
capture the effect of omitted variables that may have exerted
systematic effects over time), an estimated diversion payment per
bushel divided by the index of expected prices for all other crops and
the upper limit on the extent of parmissible land diversion., In an
alternative specification (Model B), the last two variables were
replaced by the acreage diverted under both the wheat and feed grains
programs.

In Morzuch, et. al., the expected prices for durum wheat and for
other spring wheat are measured by future prices. Since future prices
are not available for a number of crops grown in these states, one
period lagged prices for these crops were chosen as a proxy for the
unavailable future prices. Ordinary Least Squares Method of
estimation was used for spring wheat in three states and winter

wheat in 10 states. Price elasticities vary considerably
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among states from 0.6l to 0.95 for the three cornbelt statesll.
Under Model A, svpply elasticities vary from .13 for Montana winter
wheat, to .99 for South Dakota spring wheat. Under Model B, supply
elasticities vary from .13 for Montana winter wheat to 1.50 for
Montana spring wheat.

Supply responses tend to be more elastic in spring wheat cornbelt
states than major winter wheat states. This is understandable as one
might expect an inverse relationship between extent of specialization
and elasticity of acreage response. The aggregate acreage supply
elasticities are calculated as weighted averages of elasticities for
various states, using mean acreage for individual states as weights.
The results (estimates excluded Montana) are presented in Table 9,

Appendix II.

Multi-Commodity Studies

Chambers and Just (1981), in an attempt to examine the dynamic
effects of exchange rate fluctuations on U. §S. commodity markets,
estimated supply elasticities. Chambers and Just's econometric model
consists of 15 equations (three are identities) which explain
disappearance, inventories, exports, and production for three
commodities: corn, wheat, and soybeans. The method of estimation is
three-stage least squares using quarterly data for the period 1969
through 1977. Each functional relationship is assumed to be linear in
parameters and each equation is estimated in per capita form to

preserve the linearity of the system.
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In the production equation, per capita production of each
commodity is regressed on the deflated lagged average price of the
commodity received by the farmer and the deflated support price for
the commodity. The estimated supply elasticities are presented in
Table 10, Appendix II“.

Weaver (1983) measures supply responses for U.S. spring wheat
region (North and South Dakota) using a translog expected profit
function (duality theory) for the 1950-70 period. For the expected
price of output, future price for harvest contracts observed at
planting time, is used. It is argued that a multi-output, multi~input
model, which is used in the duality approach, is attractive from its
reliance on total expenditure for each input, rather than from
expenditures for each input used for each output. Weaver states that
in general, all outputs and all inputs are reduced when an input price
increases. He further adds that elasticities of output supply with
respect to prices indicate considerable short-run flexibility in
output mix. The estimates of supply elasticities frow Weaver's model
are presented in Table 11, Appendix IIlz.

Shumway (1983) uses duality theory (a normalized quadratic profit
functionl3) to estimate supply relations for six Texas field crops:
cotton, grain sorghum, wheat, corn, rice and hay for the 1957-79
period. Independent variables in the profit function are: expected
product prices, current variable input prices, and fixed input
quantities. Goverument policies, weather, and technological change
are also assumed to be exogenous. The system of six product supply

equations and two input demand equations (fertilizer and hired labor)

42



are the primary estimation equations which are derived from first
derivatives of the normalized equadratic profit function. The method
of estimation is Zellner's generalized least squares for seemingly
unrelated equations which is asymptotically equivalent to maximum
likelihood. Implied product supply elasticities for the last
ovservation, 1979, are presented in Table 12, Appendix II. Because of
the existence of fixed inputs in the model, a short-run analysis is
assumed .

Saez and Shumway (1985) estimated output supply and input demand
elasticities for various agricultural products and inputs in 10 U. S,
regions during the postwar period, 1946-1979. The advantages of their
study is in its comprehensiveness:

This econometric analysis represents the most comprehensive

investigation of intercommodity supply and demand

relationships ever conducted on the agricultural sector.

Not only were products and inputs disaggregated to a much

higher degree than is typical, but all cross-price

relationships were also estimated for each of 10 geographic
farm production regions comprising the contiguous 48 states

(Saez and Shumway, p.4).

In their study, an indirect profit function (duality approach)
was used to estimate the elasticities for eight agricultural output,
and six variable input categories. The exogenous variables in the
model included: weather, government policy variables such as support
prices and effective diversion payments, a time trend to capture the
effect of technological changes, family labor, and real estate.
Because of the inclusion of non-price variables (fixed factors of
production), a short-run analysis is assumed.

The results indicated that a normalized quadratic profit function

was superior to one of translog form "in terms of both fewer numbers
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of unexpected own-price parameters and better explanatory power of the
dependent variables." (Saez and Shumway, p.2). However, none of the
symmetry, homogeneity, and convexity conditions of the profit function
were supported by the regional-level data. These conditions are the
implications of the competitive firm. The authors attributed the
causes to some combination of model misspecification, aggregation
problems, data inadequacies, and imperfect theory.

In general, own-price input demand parameters were more
consistent with what is expected from economic theory than own-price
product supply parameters. About 25 percent of the input demand
functions had own-price parameter signs that were inconsistent with
economic theory, while 37 percent of output supply functions had
unexpected own-price parameter signs. The estimated elasticities by
Saez and Shumway are summarized in Table 13, Appendix II.

U. S. price elasticities were computed as a weighted average of
regional estimates. The weights were given based on the ratio of
regional quantities produced or inputs demanded to U. §. quantities.
The U. S. own-price parameters were more consistent with what is
expected from ecconomic theory than were most of the individual
regional estimates. As it is observed from Table 13, and is expected
from economic theory, the own-price U. §. supply elasticities decrease
in magnitude when an upward sloping input supply curve is assumed,
compared with the scenario that an infinitely elastic supply curve is
considered.

Saez and Shumway further compare their estimates with those of

others (Saez and Shumway, p. 87). Their estimates of .02 for the U.S.
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feed grains own-price supply elasticity is much lower than those
estimated by others., Askari and Cummings (1976) report U. S.
own-price supply elasticities for individual feed grains ranging from
+.09 to +1 .3214 and Shumway and Green report estimates of
elasticities ranging from -.22 to +1.10. For food grains, Saez and
Shumway study reports an own-price elasticity of +.0l, while Askari
and Cummings report estimates of own price supply elasticities for
various food grains ranging from +.08 to +.93 and Shumway and Green
estimates from -.63 to +.90. For oilcrops Saez and Shumway report an
own-price output supply elasticity of -.0l while prior estimates range
from +.62 to 1.40. Saez and Shumway's own-price output elasticity
estimates for tobacco is -.,11, and for hay is +.39,
vegetable-fruit-sugar crop is -.20, while Shumway and Green report a
+.13 elasticity for sugar, a +.74 elasticity for tobacco and +.48 for
hay. For cotton, Askari and Cummings report elasticities ranging from
+.20 to +.67, while Saez and Shumway report an elasticity of +.30 for
cotton. For livestock, Saez and Shumway report an output elasticity
estimate of -,04, while Ospina and Shumway report estimates ringing
from -.17 to +.14 (Saez and Shumway, p. 87). 1In general the
elasticities reported in Saez and Shumway are lower than those
reported in previous studies.

Askari and Cummings (1976) report own-price supply elasticities
for several commodities and for various countries. Most of these
elasticities were collected from studies that have used Nerlovian type
supply models. The reported elasticities for the U. S. are summarized

in Table 14, Appendix II.
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Multi-Country Studies

There are several simulation models that include many countries
or regions of the world. The USDA's Grain-Oilseed-Livestock (GOL)
Model is one example, This model has two versions: <the 1978 version
by Rojko, et., al. and the 1985 version by Liu and Roningen.

The purpose¢ of the 1978 GOL Model was to project key economic
variables in 1985. It is composed of 930 equations that cover 28
ma jor world countries and regions, and 14 separate commodities. The
deriving part of the model is composed of the following exogenous
variables: population growth, income growth, policy variables,
agricultural productivity growth rates, and other supply and demand
shifters. The responding part is composed of the following endogenous
variables: production, consumption, trade, stocks, and prices for
grains, oilseeds, and livestock commodities. The responding part of
the model is solved for the given levels of deriving variables. The
three year average 1969/70 to 1971/72 was used as base for projections
to 1985.

Because of its size, the model could not be a product of a direct
statistical fit. 1Instead, the parameters of the model were
synthesized from either statistical analysis or the judgement of
experts and ad justed when necessary to reflect relationships among
variables (Rojko, et. al., No. 146, p. 4). The direct- and
cross-price elasticities and income elasticities were arrived at in
the course of research, derived from published and unpublished USDA
studies or from studies outside USDA (Rojko, et. al., Ne. 146, p. 106

and No. 151, p. 15). The supply elasticities used in the 1978 GOL



productivity induced by weather). The observation period was
1921-1966, excluding 1942-1947 (Table 3, Appendix II).
Limitations of the estimates (Tweeten and Quance, p. 348):

The estimate of long-run supply elasticity is biased toward

zero because of high correlation between productive assets
productivity, and lagged output (when included).

2., Aggregate supply elasticity computed from crop and livestock

components. 1In this model, own-price supply elasticity of total farm
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Model reflect the full effect of a price change on production over a
number of successive years, and therefore measure long-run
elasticities. The own-price supply elasticities for the U, S. are
presented in Table 15, Appendix II.

The 1985 GOL Model is an annual simulation model designed to
provide mid- to long-term projections of world food supply and demand
under alternative world economic assumptions (Liu and Roningen, p.l).
This model consists of 27 country and regional models and 20 major
agricultural commodities. The estimated coefficients are based on
time-series data from 1960 to 1980. The GOL Model consists of a set
of linked country and regional models which are solved simultaneously
to clear the world markets, so that total world exports equal world
imports for each commodity (Liu and Roningen, p. 1). The own- and
cross-price elasticities were used to calculate the world market
clearing price for each commodity.

The supply equation of the model specifies total quantity
supplied as a function of current and lagged real prices (trade prices
of representative commodities deflated by the consumer price index of
industrial countries), current and lagged cross commodity real prices,
a trend, and a supply shift variable. Although the lagged value of
the dependent variable is not included in the supply equation, these
elasticities are assumed to be long~run elasticities. This is because
the econometric model is built to capture the long-run adjustments to
the exogenous shocks to the model (Roningen, Personal Communication).
Estimates for U.S. supply elasticities with respect to world trade

prices from the 1985 GOL model are shown in Table 16, Appendix II.
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The elasticities are quite different (much smaller) than those
reported in the original version (1978) of the GOL Model (Table 15
Appendix II),

Limitations of the supply elasticity estimatzs from the 1985 GOL
model are:

1) The reported supply elasticities are adjusted from the
obtained estimates so that they fit thes model the best. In some cases
these elasticities may be quite different from the actual estimated
figures.

2) The price elasticity estimates measure supply responses to
world price changes and not to domestic prices. So these elasticities
may over- or under-estimate the supply elasticities with respect to
domestic prices if the domestic price changes do not equate world
price changes.

3) What is defined as quantity supplied is actually production
plus beginning stocks. So we must view these estimates with great
caution.

Sarris and Freebairn (1983) estimated a wheat cournot oligopoly
type model to show that the interaction of national policies can lead
to instability of both international and domestic price. The model is
composed of 21 countries or regions. The supply elasticities used in
the model are those reported in the 1978 model but were updated by
econometric studies reported in the journals over the last five years
prior to the study. Because the supply elasticities are short-run,
the GOL elasticities which are esseantially long-run elasticities were
divided by four where it was necessary to use them. The reportad

short-run wheat own-price supply elasticity in Sarris and Freebairn
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study was .20 for the U.S. The 1978 GOL Model reports U. S. wheat
supply elasticity as 2.55, while the 1985 version of the GOL Model
reports .25 for the eiasticity figure. Note that both of these
estimates are for the long-run,

Rodney Tyers (1984) estimated own- and cross-price supply
responses in various countries and for five commodity markets with
production uncertai‘nty. The international markets are fully
distinguished from the corresponding domestic markets through the use
of empivrically-based price transmission equationsls. The
multi-market structure and endogenous trade policy and stock-holding
behaviors are considered as special features of the model used in this
study., By excluding one or more of these features, six versions of
the model were est’'mated to examine the relative significance of each
of the features (Tyers, p. 29).

The model simulates the international markets [or rice, wheat,
coarse grains, the meat of ruminants (cattle and sheep) and the meat
of ron-ruminants (pigs and poultry). 1In this simulation model the
world is disaggregated into 24 countries and country groups, and the
econometric analysis is for the.period of 1960-80 or a shorter period
where data are unavailable., The FAO Production and Trade Year Books
and the USDA provided the data for econometric estimations.
Structurally, the model is simply a set of expressions for quantities
consumed, produced, and stored, each of which is a function of known
past prices and endogenous current prices. The model also includes
equations for trade and price transmission for each of the five

commodity groups and for each country or region. 1In any year, given a
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particular set of random production disturbances, the model solves for
that set of domestic and international prices which clears all markets
to within acceptable tolerances (Walrasian adjustment). The solution
procedure is conventionally iterative, but it is not based on a
standard software package (Tyers, p. 8).

A Nerlovian partial adjustment model, linear in logs of
production and producer prices is used to represent the production

behavior. The following supply function was specified in the model:

=C + + .b.P. +
1 ¢ aqt-l z1b1P1,t-1 et

where:

q. is the deviation between the logs of actual production and

. . 16
price—constant trend production .

Pi . is the log of the deflated producer price of commodity 1i.
]

Where superior estimates of the short- and long-run supply
elasticities could be identified from the literature, these were used
to replace the original estimates in Tyers Model (Tyers p- 5 and pp.
54-56). Table 17, Appendix II represents the supply elasticity

estimates chosen for use in Tyers Model.
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Summary of Supply Elasticity Estimates for the United States

The summary of the own-price supply elasticities for the United
States for each commodity or commodity group is presented in Appendix
III. As it is apparent from this appendix, own-price supply
elasticities vary significantly from one study to another. For all
the commodities that were included in the two versions of the GOL
Model, the 1978 version (Rojko, et. al.) gave the largest long-run
elasticities (except for livestock products), while the .985 version
(Liu and Roningen) gave the smallest long-run elasticities.

For the majority of the products whose elasticities were
estimated by the duality approach (indirect profit function) as well
as by other methods, the duality approach gave the largest short-run
elasticities“. However, for some commodities, elasticities
estimated by this method were among the smallest short-run
elasticities as well. For example, for coarse grains, the indirect
profit function estimated by Weaver gave the largest own-price supply
elasticity (.64 to .74) while the indirect profit function estimated
by Saez and Shumway gave the smallest elasticity (.0! for the corubelt
states and .02 for the U.S.!.

For aggregate farm output and for crops, Griliches (1960) Model
generated the smallest long-run elasticities (.15 and .23
respectively), while the Tweeten and Quance Model generated the
largest estimates (1.79 and 1.56 respectively). As explained before,
Griliches estimates severely underestimate the true long-run supply
elasticities. As it is argued, the included trend variable captures

changes in relative prices that are not captured by the conventional
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price indices.

It is expected that individual crops have a higher own-price
supply response than aggregate farm output. This is because it is
more plausible to switch land and other resources from one crop to
another, than between agriculture and non-agricultural sectors as
prices change. The elasticity estimates for the U.S. presented in
Appendix III support this. Excluding the relatively high supply
elasticity estimated for the 1910-46 period by Antle, aggregate output
elasticities for the U.S. range from .08 to .43 in the short-run and
«15 to 1.79 in the long-run. Individual crops show higher supply
elasticities than aggregate output. For wheat, the supply
elasticities range from .45 to .52 in the short-rum and .25 to 2.55 in
the long-run; for corn, the range is .34 to .56 in the short-run and
.09 to 2.40 in the long-run; for soybeans and other oilcrops,
elasticities vary from .0l to .64 in the short-run and from .10 to
3.27 in the long-run.

In order to rank the individual crops in terms of the magnitude
of their own-price supply elasticities, one has to compare
elasticities for various crops from the same study. According to the
1978 GOL estimates, oilseeds have the highest elasticity, while wheat
and coarse grains rank second and third. The 1985 GOL estimates,
however, rank wheat, other oilseeds (other than soybeans) and cotton
as having equal and the highest elasticities compared to other crops,
while rice, soybeans, corn and other coarse grains rank second, third,
and fourth, respectively. Chambers and Just also show soybeans as
having the largest elasticity, while corn and wheat are ranked second

and third. The rankings of agricultural products for the United
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States by the magnitude of their supply elasticities from various

studies are given in Table A.
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Table A. Ranking of Agricultural Commodities By the Magnitude of Their Own-Price Supply
Elasticities From Various Models, United States, Derived from Appendix III.

Model Own-Price Supply Elasticities
Largest Smallest
1978 GOL Model  ((3.27))" ((2.55))  ((2.40))
Oilseeds > Wheat > Coarse Grains
1985 GOL Model (C .25)) (¢ .25)) ((.25) ((.16)) (C .10)) ((.09))
Other oilseeds = Wheat = Cotton > Rice > Soybeans > Corn &
Other
Coarse
Grains
Chambers & Just  ( .64)2 ( .55) ( .50
Model Soybeans > Corn > Wheat

1 . . . .
The figures in double parentheses represent elasticities with respect to
world prices.

2 . . . .. .
The figures in single parentheses represent elasticities with respect to
domestic prices.
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Canada

Lopez (1984) used a two-output, four-input profit function to
estimate a system of factor demand and output supply responses for
Canadian agriculture using 197) cross~section census data for the 240
agricultural census divisions in Canada. The advantages of using an
indirect profit function (duality approach), as Lopez argues, are the
simplicity of estimation and that there is no need to use endogenous
variables (output or input levels) as explanatory variables.

The profit function in Lopez's model is of a Generalized Leontief
specification and is applied to two outputs (crops and animal
products) and four inputs (land and structures, hired labor, operator
and family labor and farm capital). The profit function is specified
as a function of input and output prices, an index of farm operator’s
education and regional dummy variables to capture the effects of
climate and soil differences. The net output supply equations can be
obtained by simple differentiation of the profit function. The
estimated own-price output elasticities are, in general, less than
one. Table 18, Appendix II presents own- and cross-price elasticities
estimated from Lopez's model. The estimates illustrate that crop
production is more responsive to the prices of operator and family
labor, land and structures, animal products, and farm capital than to
its own price. However, animal production is much more responsive to
its own price than to the prices of crops and factors of production.

Because all the four input prices are included in the profit

function and there are no fixed factors of production in the model, we
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take these elasticities to be long-run in nature. This interpretation
is supported in the paper:

Three issues concerning the appropriateness of the

cross-sectional data and interpretations of the results are

worthwhile to consider: (a) enough systematic price

variability appears to exist across the country to permit a

meaningful estimation of supply and demand responses; (b)

observed relative price variability in 1970 corresponds

reasonably well with similar price data for the previous
years, thus indicating that the 1970 relative price
variability approximately reflects normal or long-run
relative prices across the regions; (c) this allows one to

interpret the results as long-run in nature (Lopez, 1984, p.

362).

Also calculated from the model are compensated output supply
elasticities (Table 19, Appendix II) which are supply elasticities
assuming that all inputs remain fixed when output price changes. This
is a measure of trade-offs along the production possibility frontier.
We assume these elasticities represent the lower limit on the
short-run elasticities.

Estimates of own-price supply responses for Canada from the 1978
and 1985 versions of the GOL Model are presented in Tables 20 and 21,
Appendix II respectively. By comparing the figures in these tables
and Table 18, (Appendix IT) we can see that, the elasticity estimates
for various crops from the two versions of the GOL Model are much
higher than the estimates from the Lopez model. However, for
livestock products, the 1985 version of the GOL model reports
elasticities that are lower than the estimates from the Lopez model.
The study by Sarris and Freebairn (1983) which was explained before,
reports the short-run wheat supply elasticitv for Canada as being

equal to .l7. Tyers (1983) reports elasticities for crops and

livestock products for Canada (Table 22, Appendix I1). The long-run
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estimates for crop elasticities from Tyers are very consistent with
the estimates from the 1978 GOL Model (Table 20, Appendix II).

Seeley (1985) reports the supply, demand, and net trade
elasticities from the International Institute for Applied System
Analysis (LIASA) Model. This model is a simulation system that is
based on eccnometrically estimated coefficients and simulates the
supply-d2mand quantities, prices, and policies for 21 countries or
regions and 10 commodity groups, including non-agricultural
commodities (Seeley, p. 1). The system has an annual solution through
two steps: Jn the first step, inputs (capital, labor, land, and
ftertilizer) are optimally allocated among various commodities by a
mathematical programming model which maximizes expected net revenue.
In the second step, the system takes the supply as given and
determines its demand and government policies. The system reaches a
general equilibrium in the sense that world markets are cleared. The
simulation base i. in 1985 and the model determines elasticities and
trade responses through 1994,

The reported elasticities are with respect to the world prices
and measure the supply response to a sustained price change in two,
four, six, and ten years. These elasticities which were estimated
using the coefficients obtained from historical data, along with price
transmission elasticities are presented in Table 23, Appendix II.
Price transmission elasticity is defined as the percentage change in
domestic price to a one percent change in the world price:

. - AAPd
pt AAPI
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where:

the price transmission elasticity.

ZAPd = percentage change in the domestic price.

40P, = percentage change in the world (international) price.

By dividing own-price supply elasticity with respect to world
prices by the price transmission elasticity, own-price supply
elasticity with respect to domestic price is calculated:

#0Q, (%AQS/ZAPI)

AAPd (AAPd/AAPI)

where:

ZAQS

AAPd

percentage change in domestic price (own-price supply elasticity with

percentage change in quantity supplied divided by

respect to domestic price).

%#AQ
’/APS = rercentage change in quantity supplied divided by
I

percentage change in international price (own-price supply elasticity

with respect to world price).

%AP

——— = price transmission elasticity.
%8P | P Y

The calculated supply elasticities with respect to domestic price
are presented in Table 24, Appendix II. The two-year elasticities are
taken to be short-run, while the ten~year elasticities are taken to be
long-run. By comparing the long-run elasticities in Table 24 with the
1978 GOL elasticities which are also long-run in nature (Table 20), we

can see that the 1978 GOL estimates for crops are much higher than the



estimates in the ITASA model as reported by Seeley. One factor that
may explain the relatively low values of supply elasticities for crops
in the ITIASA model compared to the 1978 GOL estimates, is the upward
bias in estimates for price transmission elasticities. For a given
supply elasticity with respect to the world price, the higher the
price transmission elasticity, the lower the supply elasticity with
respect to the domestic price. Another factor that may have caised
the difference in the elasticity estimates from the IIASA model and
the 1978 GOL model, is the product aggregation. The IIASA system has
more aggregated products (especially animal products) than the GOL
Model which has a larger distinct commodity list (Seeley, p. 27).

In response to Seeley's criticisms to the IIASA Model, Frohberg
and Kromer (1985) estimated own- and cross-price supply elasticities
with respect to domestic prices using a revised version of the IIASA
Modellg. The parameters used in their model were based on the
1961-76 data. The elasticities were calculated once assuming constant
levels of agricultural and non-agricultural inputs and another time
assuming variable inputs. In the latter case,v the transformation
function between all agricultural and non-agricultural goods changes
in each year.

Frohberg and Kromer report the supply response in one as well as
two years (1984 and 1985) to a once-and-for-all sustained price
change; therefore, these elasticities are assumed to be short-run in
nature. The included commodities or commodity categories are: wheat,
rice, coarse grains, bovine and ovine meats, dairy products, other

animal products, protein feed, other food, non-food agricultural
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products, and non-agricultural products. The elasticities reported in
Frohberg and Kromer are presented in Table 25, Appendix II. The
two-year supply responses assuming variable inputs in Fiohberg and
Kromer can be compared with the short-run supply elasticities from
Seeley which are also two-year responses assuming variable inputs
(Table 24). For crops and livestock products (except for dairy), the
estimated elasticities from Frohberg and Kromer are much higher than
those reported in Seeley.

Askari and Cummings (1976) report Canadian own-price supply
responses for wheat, barley and pork from various studies. The
reported elasticities are summarized in Table 26, Appendix II. The
range of elasticities for wheat in Askari and Cummings covers the
long~-run elasticities from Rojko, et. al. (the 1978 GOL Model) and
short-run elasticities from Seeley. For animal products, the range of
elasticities in Askari and Cummings is consistent with the

elasticities from Tyers and Seeley (for the short-run).

Summary of Qwn-Price Supply Elasticity Estimates for Canada

All the own~-price supply elasticities for Canada, which are
explained in this study, are presented in Appendix IV. From this
appendix, it is observed that elasticities vary significantly from one
study to another. This is true in spite of the fact that most studies
have used a direct supply function and cover the period 1960 to 1976
or 1960 to 1980. For crop products, the study by Lopez which utilizes

an indirect profit function (the duality approach) gives the lowest
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supply elasticities. Frohberg and Kromer (the revised IIASA Model),
give the largest short-run supply elasticities for crops (food grains,
feed grains and oilseeds) while Rojko, et. al. (the 1978 GOL Model)
give the largest long-run elasticities.

By comparing the short-run elasticities from the two versions of
the IIASA Model (Seeley, and Frohberg and Kromer) in Appendix IV, for
all crops and livestock products (except for dairy), the elasticity
figures illustrate that Frohberg and Kromer report much higher
elasticities for the short-run t' an Seeley. Also between the two
versions of the GOL Model (1978 version by Rojko, et. al. and 1985
version by Liu and Roningen), the 1978 version reports much higher
long-run elasticities than the 1985 version which reported the
smallest long-run elasticities among all other estimates.

One should, however, note that the elasticities from the 1985 GOL
Model are with respect to world prices, while the elasticities from
the 1978 GOL Model are with respect to domestic supply prices. A less
than one price transmission elasticity will cause the world price
supply elasticity to be less than domestic price supply elasticity.

The aggregate crop elasticity estimated by Lopez (1984) is low
relative to the supply elasticities estimated for individual crops.
This is not surprising, since it is generally easier to shift
resources from the production of one crop to another than it is to
shift resources from the production of agricultural goods to
non-agricultural goods. Hence, the aggregate crop elasticity estimate
is expected to be lower thau the supply elasticity estimates for
single crops.

Comparing the individual crop supply elasticities in Canada,
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according to the two versions of the GOL Model, oilseeds have the
largest own-price supply elasticities among all other crops, while
according to the IIASA versions they have the smallest elasticities.
Based on the GOL and Tyer Models, coarse grains have higher
elasticities than wheat but the opposite is true from the IIASA Model
estimates: wheat has a higher elasticity than coarse grains. The
rankings of individual products by the magnitude of their supply
elasticities are presented in Table B.

Finally, the output supply elasticities with respect to output
and input prices from the Lopez (1984) study (Table 18, Appendix II)
show that crop output is more responsive to input prices (except for
hired labor) than to its own price. Therefore, policies directed
toward decreasing input prices are expected to be more successful in
increasing output than those aimed at incremﬁng output prices.
However, for animal products, output shows to give a higher response
to output price than to input prices. Therefore, policies aimed at
supporting output p-ices are more successful than those directed

toward input subsidies.
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Table B. Ranking of Agricultural Commodities By the Magnitude
of Their Own-Price Supply Elasticities From Various

Models, Canada, Derived from Appendix 1IV.

Model Own-Price Supply Elasticities
Largest Smallest
GOL Models' (1.20) ( .70) ( .65)
Oilseeds > Coarse Grains > Wheat
ITASA Model ( .38) ( .37) ( .14)
Wheat > Coarse Grains > Protein Feeds
Tyers Model ( .68) ( .53)
Coarse Grains > Wheat

lThe elasticity figures are from the 1978 version.
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Other Developed Countries

The study by Bale and Lutz (1981) attempts to estimate the effect
of agricultural price distortions on output, consumption, and rural
employment for nine developed and developing countries based on the
1976 data. The partial equilibrium comparative static analysis in the
Marshallian economic suivplus framework is used for the study. The
supply elasticity estimates applied to Bale and Lutz's model are
derived from the estimates reported in the 1978 GOL Model (+.5 times
the point estimates given in the 1978 GoOL Model). The elasticities
reported in Bale and Lutz for developed countries are presented in
Table 27, Appendix II.

The own-price supply elasticities for developed countries as
reported in the studies by Rojko, et. al, (the 1978 GOL Model), Liu
and Roningen (the 1985 GOL Mudel), Sarris and Freebairn (1983), Tyers
(1983), Seeley (IIASA Model, 1984 version), Frohberg and Kromer (IIASA
Modei, 1985 version), and Askari and Cumming (1976) are presented in
Appendix II, Tables 28, 29, 30, 31, 32, 34, and 35, respectively. The
information in all the above mentioned tables are compiled in Appendix
V. Table 32, Appendix II presents supply elasticities with respect to
world prices and price transmission elasticities from the TTASA Model
(Sealey 1985). By dividing these world price supply elasticities by
price transmission elasticities, supply elasticities in Table 32,
Appendix II are transformed into elasticities with respect to domescic
prices. Table 33, Appendix II presents the supply elasticities with
respect to domestic prices, calculated from the TIASA model

elasticities.
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Summary of Own-Price Supply Elasticity Estimates for Other Developed

Countries

By comparing the information in Appendix V one can see that the
elasticity estimates for the same region and the same commodity vary
significantly from one study to the otber. For short run elasticities
in all of the developed countries, and for almost all of the reported
commodities, Frohberg and Kromer's version of the IIASA Model gave the
largest estimates (this comparison does not include the estimates
reported in Askari and Cummings). For long-run elasticities the 1978
version of the GOL Model (Rojko, et. al.) reported much larger
elasticities than the 1985 version (Liu and Roningen)zo. However,
recall that the latter study reports elasticities with respect to
world prices while the domestic prices are the relevant price
variables in the other studies. The long-run elasticity estimates
reported in Askari and Cummings (Table 35, Appendix II) for ruminant
and non-ruminant meats are mostly greater than one, while all of the
other reported studies in this research give long-run elasticities of
less than one for all meats.

By comparing supply elasticity estimates for crops versus
livestock products in developed countries (Appendix V), it is hard to
conclude whether or not livestock products have higher supply
elasticities than crops. 1In Western Evrope, Australia and New
Zealand, from elastivity figures it appears that crops have higher
elasticities than livestock products. However, in Japan, the opposite
is true: livestock products on an average have higher elasticities

than crops.
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Among individual crops in the Western European countries, wheat
has the highest elasticity according to the two versions of the GOL
Model and the Seeley version of the ITASA Model. According to all the
studies, oilseeds and protein meal have the lowest supply elasticity.
Rice has a lower elasticity than wheat and coarse grains according to
the two versions of the GOL Model and Tyers. Table C ranks
commodities according to their supply elasticity estimates from
various models.

In Japan, based on the studies by Tyers, Bale and Lutz, the 1978
GOL and the ITASA Models, rice has the smallest elasticity. Also,
according to the 1978 GOL and the IIASA Models, wheat has a higher
elasticity than coarse grains. The ranking of individual commodity
supply elasticities for Japan is presented in Table D.

A comparison of the supply elasticities for the same crop among
the developed countries illustrates the diversity of the estimates.
The ranking of countries by the magnitude of their supply elasticities
differs significantly from one study to another for the same
commodity. For coarse grains, wheat and rice, the 1978 GOL Model
gives estimates for the U.S. that are greater than Western European
countries and for Western European countries that are greater than
Japan. The same statistics are quite different in the 1985 version of
the GOL Model. The estimates from this version of the model for
coarse grains indicate a higher supply response for Japan than for
Canada which in turn has a higher supply elasticity than Western
Europe. The estimate of the supply elasticity for the U.S. for coarse

grains i3 the lowest among all other developed countries from the 1985
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Table C. Ranking of Agricultural Commodities By the Magnitude of Their Own-Price
Supply Elasticities From Various Models, Western European Countries,
Derived from Appendix V.

Model Own-Price Supply Elasticities

Largest Smallest
GOL Model (.95) (.91) (.40) (.20)

Wheat > Coarse Grains > Rice > Oilseeds
Tyers Model (.91) (.90) (.40)

Coarse Grains > Wheat > Rice

1IASA-Seeley
Model (2.89) (1.37)
Wheat > Coarse Grains

IIASA-Frohberg &
Kromer Model (1.49) (1.09) (.93) (.04)
Rice > Wheat > Coarse Grains > Protein Feed
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Table D. Raoking of Agricultural Commodities By the Magnitude of Their
Own-Price Supply Elasticities From Various Models, Japan,
Derived from Appendix V.

Model Own-Price Supply Elasticities
Largest Smallest
1978 GOL Model  (.43)! (.30) (.25) (.16)
Nilseeds > Wheat > Coarse Grains > Rice
1985 GOL Model  ((.30))2 ((.25)) ((.15)) ((.08))
Coarse Grains > Other
Oilseeds > Rice > Wheat
IIASA-Frohberg &
Kromer Model (.44) (.38) (.35) (.31)
Wheat > Coarse

Grains > Protein Feed > Rice

Tyers Model (.60) (.60) (.50)
Wheat = Coarse
Grains > Rice

Bale & Lutz Model (.80 to 2.41) (.08 to .24)
Wheat > Rice

1The figures in double parentheses represent elasticities with
respect to world prices,

2 . . . .. .
The figures in single parentheses represent elasticities with
respect to domestic prices,
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version of the GOL Model. The supply elasticity estimates for coarse
grains, wheat and rice are larger for Western European countries than
for Canada and Japan in all of the other studies. The following table
(Table E) gives the supply elasticity estimates for various

commodities ranked by countries according to various studies.
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Table B, Ranking of Countries Uy the Hegnitude of Thelr Ovn-Price
Supply Zlascleltl y Cowrcdity, Devaloped Countries,
Decived from Appandln T1 - v,

Commod{ty/Nodel Own-frice Supply Elastlcitles

Largest Snalleot

Cssree Graiwe

1978 oot #odet  ((2.00n)! (.33 - 9t o0 (.70) 1y
g.8. ) ¥, Zurope ) Auetealla &
Hav Zeauleond > Canada > Japan
1983 COL Kodel ((.30)) ((.23)) (.18 - .23)) (.16)) ((.09))
Japan ) Canada ) W. Zurope ) Auvstralln &
Hev Zasland > V..,
Tyrars Model (.7 (.15 {.68) (.60)
¥, Europe ) o.8. > Canada > Australls
TIASA-Bealey
Nodel (1.1 (.40) (.31
¥. Rutope Auetralle > Cansds
1TABA-Frohberg
§ Kromar Hodal (.29) (.84) (.18) (.38
W, Rurops > Austrella ) Caneda Japan
Wheat
1970 oL Kedel ((1.33) (.85 - .99) (.63) (.33) (.30}
v.8, > ¥. Rurope > Canads ) Avetrallie &
Hew Zealand > Japan
1983 GOL Nod~t ((.23)) ((.29)) ((.08)) ((.00)) ((.06))
g.0., = W, Qurops > Jepan = Australis &
Wev Zealand ) Canads
Trers Model (.90) (.90) (.80) (.60} (.33
¥. Turope = Australls u.8, > Japan ) Canada
1tASA~Bealay
Nodel (2.09) (8% 1}] (.38)
¥. Eortope ) Auetralia > Canada
T1ASA-Frohberg
§ Kromar Nodel (t.09) (.80) (.64) (.68)
W, Bsropa D Canada ) Australie ) Japan
Cora
1993 COL Model o .29 (.1
Jepan > ¥. Zurope
‘Mee
1970 oL Nodel (.90)) (.30 - ,40) (.18) (.18}
0.8, > ¥, Zurops > Japan = Austrella &
New Zealand
1985 COL Model ((.25)) ((,18)) ((.13)) (C.100)
¥. Curope ) .8, > Jopan > Austratiae &
Nav Zealsnd
Tyere Nodal (.1%) ( .50) (.40) (.30
9.8, > Japan ) ¥. Curops ) Avstralis
11ASA-Frohbacg
§ Krower Modal (1.49) (.94) (.
¥, Burope > Australle D Japan
Ollceeds
1970 cot. Msdsl (3.2 (1.20) (.43) (.49 (.02-.10)
0.8 > Canada ) Australia ¢
Nev Zesland ) Jepan > W, turope
1983 coL Model (.30 (.23 ((.23)) (.00
{other tham ¥. Rurops = Jepan = v.8, > Caneda
soybeans)
11ASA-Trohbarg
& Krooar (.40) (.19 (.04) (.00)
Capsda ) Japan D EC Avetralls
Super
1905 COL Model (.30 .1 [ 2)) (C.o9)) (.01
Japan ) [ 1] Avstrelia &

Nev Zealand = Other ¥,
Europe ) Canasda

Sale & Lute
Model

(.01 - 2.04) (.03 - 1.)0) (.12 - ,88) (.21 ~ .64)
France D W. Cermany > United Ringdoms > Japan

Cotten

1993 COL Medel (.2 (.50 ((.23)) ((.12)) (C.o80
Japin > Othar ¥, Purope = U.5, ) EC - 10 > Cansds

lﬂu flgures [n double parenthesss represent elasticicien vith
Tespect to varld pricer,

'ﬂu figures in olngle parenthesas reprasent elasticities with
tespect to domestlic pricee,
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Asian Developing Countries

India, Total Qutput

Lau and Yotopoulos use an indirect profit function (duality
approach) to estimate output supply and input demand elasticities from
cross-sectional data obtained from the Tudian Ministry of Food and
Agriculture., A CES (Constant Elasticity of Substitution) production
function was fitted directly and since the elasticity of substitution
was found to be not significantly different from one, the Cobb-Douglas
production function was adopted. Labor was considered as the variable
input while land and capital were considered as the fixed factors of
production.

The final estimating equations consisted of:

* 24 5*D+*QW+B*QK+B*2T (1)
= . [ n
In 4 ==ok 2y 0,0+ WW+B 2 *°
-wh _ % 2)
x 2
q 1
where:
* . .
1 = profit (current revenues less current variable costs) in
rupees per farm
W = money wage rate in rupees per day
Di = regional dummy variable with Dl’ D2’ D3, DZ+ taking

the value of one for only West Bengal, Madras, Madhya
Pradesh, and Uttar Pradesh, respectively. Since it is
assumed that prices of output differ only across states,
the state dummy variables are supposed to capture the
effect of differences due to prices as well as irterstate

differences in the efficiency parameter.
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L = labor in days per year per farm
K = interest on fixed capital per farm
T = cultivable land in acres per farm

The farm decision variables (the endogenous variables) are the
quantities of output and labor input, while the prices of output and
variable inputs and the quantities of fixed inputs are assumed to be
predetermined (exogenous variables) and not subject to change by any
action of the farm in the short-run. Because profit is defined as
current revenues less current variable costs, an alternative set of
jointly dependent variables are profits and total labor costs. That
is, the left-hand side variables in the equations (1) and (2) are the
dependent variables while the right-hand side variables are the
predetermined variables,

Although the estimated coefficients obtained by Ordinary Least
Squares Method of estimation applied to each equation separately are

*
consistent, they will be inefficient because <« appears in both of

1
equations (1) and (2). Therefore, Zellner's Method of estimation
which imposes known constraints of the coefficients is used., This
method provides asymptotically efficient estimates of the
coefficients.
Three sets of estimates are obtained with imposing the following

restrictions:

l. The two equations were estimated Unrestricted.

* *
2. The restriction that < °=1 2 from equations
(1) and (2) was imposed.
3. The restriction that Bl + B2 = 1, which assumes
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constant returns to scale, along with the restriction that a:,l = °=l,2
was imposed.

The null hypothesis that c:’f from both equations are equal and
the hypothesis of constant returns to scale could not be rejected,
From the estimated parameters of the model, indirect estimates of the
own-price input demand elasticities and output supply elasticity were
obtained. All the calculated elasticities were greater than one. The
estimated elasticities are presented in Table 36, Appendix II. These
elasticities are assumed to represent short-run elasticities because
of the existence of fixed factors of production.

The results from the Lau and Yotopaulos study indicate that the
own-price supply elasticity is positive, statistically significant and
greater than one. An important implication of the estimated
elasticities is that if the goal of the policy-maker is to increase
output and/or increase labor employment, decreasing the wage rate will
have the exact same effect on output and employment as increasing the
output price by the same percentage.

Bapna (1980) used a Nerlovian type supply function to estimate
supply elasticities for the Ajmer district of India. Six estimates of
the aggregate supply elasticities were obtained using different price
expectation formation. The low estimates are in the range of 0.20 to
0.25, while the high estimates are in the range of 0.5 to 0.6. Bapna
rejects the latter set of supply elasticities on the ground that they
are too high.

Ajay Chhibber (1982) provided an alternative to the Nerlovian

type farmers' expectations models and estimated agricultural output
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supply response for India. Chhibber argues that the Nerlovian type
models underestimate the true supply elasticities. This is because
they use time series data which are subject to transient fluctuations
and to which farmers may not respond to as much as they would to
permanent price changes. Chhibber's model consists of the following

equations:

Q = f(Qt_l, G, Ror I, Ym’t_l) (1)
Q = £ (P, ¥) (2)
Y = £(p, q, Ym’t_l) (3)

where: Q is the index of agricultural production

G is the percentage of area irrigated by government canals

R is the rainfall index

I is the percentage of area irrigated (total)

Ym is the index of manufactures output

P is the ratio of agricultural to manufactured prices

Y is the index of GDP at manufactured goods prices

As observed in Equation l, output in Chhibber's Model is not a

function of prices. Furthermore, the irrigated area is included to
represent all other non-price supply shifters such as technological
improvements, credit availability and fertilizer use., This is because
data on credit use or data on the provision of credit by the
government were difficult to obtain for a time-series analysis. Also,
Indién time-series data indicate severe multicollinearity between

irrigation, fertilizer and area under high yielding varieties. The
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adoption of modern technologies and fertilizer use were shown to be
highly dependent on the availability of assured water supply
(irrigated area).

In one version (Case 1), the net irrigated area by government
canals and in another version (Case II) total irrigated area was used
in Equation 1. The former version represents the upper limit to the
price supply elasticity, while the latter estimate represents the
lower limit to the aggregate supply elasticity. Equations 1 through 3
were estimated using Three Stage Least Squares estimation technique
applied to data from 1960/61 through 1977/78. In this study, in
addition to the estimates from the above model, estimates using the
Nerlovian adaptive expectations model and the rational expectations
model were also presented for comparison. The results are summarized
in Table 36A, Appendix II.

The figures in Table 36A show that supply elasticities estimated
from the Chhibber's model are larger than estimates from both the
Nerlovian adaptive expectations and the rational expectations models.
These elasticity estimates, therefore, give support to the criticism
that the Nerlovian type models underestimate the true supply
elasticities. In Chhibber's model, supply is not a function of
observed prices which may be viewed as transient. Furthermore,
Chhibber's supply elasticity estimates are below the estimates
obtained from cross-country data (in the range of 1.5). It is argued
that the estimates based on cross—country data overestimate the true
supply elasticities because of the differences in technological and

economical development stages across regions or countries,
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No conclusion can be derived from this study on whether the
government of India should concentrate on non-price policy variables
rather than output prices to increase agricultural production. The
output supply elasticities with respect to non-price shifters are
almost twice as large as the elasticities with respect to the price
shifter when total irrigated area is used as a non-price supply
shifter. However, when area irrigated by government canals is used in
the supply equation, the non-price output elasticity is less than the

own-price supply elasticity.

India, Wheat

Sidhu and Baanante (1979) use a normalized (by the price of
output) restricted profit function (duality approach) to estimate
input demand and output supply elasticities for the Mexican wheat
varieties in the Indian Punjab. Wheat production is assumed to follow
a Cobb~Douglas production function; labor, chemical fertilizer, and
irrigation water are included as variable inputs while land, capital,
and education are included as fixed factors of production., Dummy
variables are included for farm sizes: one dummy takes the valuz of
one if the wheat area is greater than 10 acres while the other dummy
variable takes the value of one if the wheat area is less than 10
acres.

The indirect profit function and the variable input demand
equations were estimated using two methods of estimation: the
Ordinary Least Squares applied to individual equations and Zellner's

asymptotically efficient method for simultaneous estimation of the
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equations. The 1970-71 cross-sectional data were used in both
estimations. Output supply elasticities with respect to price and
non-price variables, estimated from this study are presented in Table
36-B, Appendix II. Because of the inclusion of fixed factors of
production, we interpret these elasticities as short-run.

The results from this study suggest a relatively elastic response
of output supply function and fertilizer and other variable input
demand functions to changes in wheat price compared to variable input
price.

The impact on fertilizer use and wheat output of a 1%

decrease in fertilizer price is not symmetric with a 1%

increase in wheat price. Wheat price appears to be a much

more powerful policy instrument than fertilizer price to
influence fertilizer use, output supply, and returns to

fixed-farm resource {Sidhu and Baanante, 1979, p.46l1),

The results aiso indicate that one other significant contribut.
to agricultural production in Punjab is the education of farm people
in that area.

The role and significance of productive value of education

should again be pointed out., The indicated shift in output

supply and factor demand functions, resulting from a small
amount of education of about 2.6 years of schooling per
family is 3%. This, however, is not a total measure of the
productive value of education in agricultural production
since wheat is only one of the several farm enterprises on

Punjab farms (Sidhu and Baanante, 1979 pp. 460-61).

Another important implication of this study is that there is no
significant difference in the efficiency (technical and price)
parameters of small and large farms. That is, both farm sizes

maximize profits, aud that there exists constant returns to scale in

wheat production in the Punjab area of India.
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Furthermore, strong support is given for the approach used in
this study which uses a normalized profit function and other factor
demand functions for deriving policy implications from empirical
applications of farm-level data (Sidhu and Baanante, 1979, p. 461).
One reason for this support is that in the duality approach, the
outyut supply and input demand elasticities with respect to the fixed
factors of production (land, capital assets, and education) give the
resp. : to exogenous changes in these factors, allowing output and
variable inputs to adjust optimally although the prices of output and
variable inputs are held const:emt.21 As a result, the magnitude of
these reduced form elasticities are much larger than the production
function elasticities and therefore the elasticities obtained from
dual approach are more meaningful and relevant measures of the effect
of policy changes (Sidhu and Baanante, 1979, p. 460).

Sidhu and Baanante (1981) used a normalized restricted translog
profit function to estimate input demand and output supply functions
of Indian Punjab farms producing Mexican wheat varieties. The model
was applied to 1970-71 cross-sectional data. The use of a translog
function is supported because it allows more flexibility than a
Cobb-Douglas profit function.

While the empirical results for the specification employed

are plausible, they also demonstrate in this case a lack of

svpport for the hypothesis of the Cobb-Douglas form of the

profit function. Of particular importance is the result
that the flexibility afforded by the translog formulation
allowed the exogenous variables to produce different impacts
across input demand functions of labor, fertilizer, and
animal power. This is 1..ch more natural as compared to the

symmetric impacts produced in the case of the Cobb-Douglas
formulation (Sidhu and Baanante, 1981, p. 245).
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The profit function used in this study is normalized by the price
of wheat. The variable inputs are: labor, chemical fertilizer, and
animal power, while the quantity of capital equipment and machinery
used for wheat production, land, soil (PH) of farmland, soil organic
carbon content of land, and P205 and K20 in the soil, average
number of years of schooling per family member, and area-weighted
average number of irrigations per hectar are included as fixed factors
of production. The model consisting of the normalized restricted
translog function and derived factor demand equations are estimated
jointly by the restricted generalized least squares which is an
asymptotically efficient method of estimation. The calculated
elasticities which are evaluated at simple averages of factor shares
in total profits and at geometric means of the ariable input prices
and of levels of fixed inputs, are presented in Table 37, Appendix II,
These elasticities are estimated assuming both a translog and a
Cobb-Douglas form profit function. The cross—price elasticities
indicate that the price of wheat has a more significant impact on
quantities of wheat supplied and input demanded than prices of
variable inputs, Futhermore, the test for the Cobb-Douglas
specification was rejected. Therefore, for the dara and model
specification ‘n this analysi-, the translog form of the profit
function appeared to be more suitable (Sidhu and Baanante, 1981, p.
241),

The effect of education, land and irrigation on output supply 1is
quite significant when a translog profit function is estimated. The
elasticity of wheat supply with respect to the level of education,
quantity of land, and the amount of irrigation is .0874, .695!, and

.5641 respectively., These elasticity figures support the importance
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of non-price variables on output supply.

The influence of expansion in education of the farm family
is quite important, It increases demand for all variable
inputs but, more importantly, for fertilizer and animal
power. It also influences wheat supply significantly,
Exogenous increases in land quantities also increase wheat
supply and demand for all variable inputs of production
(Sidhu and Baanante, 1981, p. 244),

de Janvry and Kumar (1981), in an attempt to analyze marketed
surplus response to factor price changes, derived output supply and
input demand elasticities for Mexican wheat and hybrid bajra in Delhi
Union Territory of India. An indirect normalized (by the price of
output) profit function obtained from a Cobb-Douglas production
function is used to estimate output supply and input demand functions,
Fertilizer and labor are included as variable factors of production,
while land and capital are included as fixed factors of production.
Detailed information was collected on randomly selected farms from two
villages of the Delhi Union Territory between 1268-69 and 1975-76 (de
Janvry and Kumar, p. €). Wheat farms were classified into small (less
than 7.5 acres) and large (larger than 7.5 acres) farms.

The three equations: the normalized profit function, and the two
variable input demand equations for labor and fertilizer were
estimated simultaneously by Zellner's Method of estimation for small
and large farms. The imposed restriction was the equality of
coefficients that appeared in the profit function and input demand
equations,

Because all of the area planted in wheat is irrigated, inclusion
of a weather index as well as year dummy variables in the profit

function proved to always be insignificant (de Janvry and Kumar, p.
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7). The calculated elasticities from this study were consistent with
the elasticities reported in Askari and Cummings (1977), Table 38,
Appendix II.

An important result of this study is that the price elasticities
of output supply and derived input demand functions are the same for
small and large farms., This indicates an identical pattern of
produc-ion response to price movements in small and large farms (de
Janvry and Kumar, p. 7). By looking at output supply and input demand
elasticities with respect to output and input prices (Table 39,
Appendix II), it can be concluded that output price has a higher
impact on »roduction than input prices and output price has a slightly
higher impact on input utilization than input prices. Therefore,
ceteris paribus, policies aiming at output price will have a higher

impact on output and employment than policies subsidizing inputs,

Indiaz Rice

Kalirajan and Flinn used a normalized restricted profit Ffunction
derived from a Cobb-Douglas form production function to explore the
allocative efficiency and supply response of farmers producing modern
varieties of rice in the kharif season for the irrigated rice of
Coimbatore District of India.

Two types of rice varieties were examined: one was EMV (Exotic
Modern Variety) IR20. This variety which was bred and named by the
International Rice Research Institute in the “hilippines ;esistant
to tungo virus and its vector, the green leaf-hopper. The other type
studied was the locally-bred varieties (LBV) which were bred at the
Aduthurai and Coimbatore Paddy Breeding Stations. These varieties are

resistant to brown plant-hopper and insects indigenous in Southern
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India. Data from May 1977 to April 1978, from 91 sample farmers for
the Kharif rice crop in Coimbatore District was used. This area is
irrigated and is considered as one of India's most progressive and
favorable rice growing areas.

The model consisted of the following five equations: the
restricted normalized (_"by price received per kg. of paddy) profit

function and the four variable input demand equations:

* * *

%* *
In ¢ =1nA + B

*
1 InW + B?_ InF + 53 InP + 54 InB
* *
+3, InL + §. 1nC (1)
1 2
WX, B* (2)
— =
q 1
-FX, B* (3)
* =
q 2
~PX, B* (4)
% =
q 3
-BX, B* (5)
% -
q 4
where:
11* = the normalized restricted profit (current revenues less

current variable costs) from the rice crop
W = the normalized wage
F = the normalized price of fertilizer per kg
P = the normalized price of pesticide per kg
B = the normalized cost per bullock day

L = the area grown in rice (acres)
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C = the capital flow calculated as the sum of depreciation,

maintenance, and opportunity cost of capital stock.

The variable factors of production are labor (Xl), fertilizer
(Xz), pesticides (X3), and bullock (Xa), while land and capital
are the fixed factors.

Equations 1 through * were estimated jointly by the Zellner
Method imposing the condition that the Bi's are equal in both the
profit function and the relevant factor demand function. The
assumption of profit maximization by farmers was tested for both rice
varieties. This assumption could not be rejected by farmers growing
LBVs; that is, farmers growing LBVs are judged to be allocatively
efficient. However, in the case of EMV this assumption was rejected
for pesticides implying that farmers were not equating marginal value
product and marginal cost of pesticides with IR20. The main reason
for this inefficiency is that the IR20 which is bred in the
Philippines is not as resistant as the locally bred varieties to the
brown plant hopper found in Coimbatore area of India.

In general, it is assumed that the sample farmers ‘in t.e
irrigated area of Coimbatore are profit maximizers with respect to the
Kharif rice crop. The factors that give support to this assumption
are that prc- uction risk and price risk are minimized in this area.
This area's assured and well-controlled supply of irrigation water for
two rice crops a year, a low climate risk because of lack of droughts
or floods, and an active co-operative movement that distributes inputs

are factors that contribute to production risk minimization. Also,
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price risk is minimized because this region is a substantial rice
importer and thus farmers have a ready market for paddy.
Additionally, price expectations are based on well established and
known marketing and transport costs and on market prices.

The estimated rice output supply and input demand elasticities
are' summarized in Table 40, Appendix IT. From the elasticity
estimates in Table 40, it appears that EMV shows a higher own-price
supply response than the LBV. Another important implication is that a
one percent increase in rice output price has a higher impact on
output than a one percent decrease in the rormalized price of any of
the variable inputs. Therefore, policy-makers can have a larger
impact on output supply and input utilization through aiming at
supporting output prices than subsidizing input costs. This
conclusion is consistent with the studies by de Janvry and Kumar, and
Sidhu and Baanante.

Among all input prices and quantities of Ffixed inputs, the
normalized prices of fertilizer and labor and the quantity of land
appear to have the highest impact on output in both varieties, The
elasticities calculated from direct estimation of production function
also show that quantities of fertilizer, labor, and land have the

highest impact on rice output than any other factor.
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Developing Countries, Rice

The study by Ito, et al. (1985) gives estimates of rice supply
elasticities for various Asian countries. Unlike the study by
Kalirajan and Flinn, the reported figures show inelastic supply
elasticities for both the short- and long-run for India as well as
many other Asian rice producing countries (Table 41, Appendix II), 1In
this study, equation (23) was used to estimate supply elasticities,
In the supply equations, government prices were used for Burma, India,
Indonesia, Japan, Pakistan, the Philippines, and Taiwan, while market
prices were used for Bangladesh, South Korea, and Thailand.

The first column of Table 4l represents yield elasticity with
respect to price of rice. Burma, Pakistan and Thailand show no yield
response to price. South Korea, and the Philippines show a relatively
high yield response to price. Tue negative effect of acreage on yield
appears only in the country with production control programs: Taiwan,
Thailand is the only country that has an area elasticity greater than
one, and thus an own-price production elasticity greater than one in
the long-run. After Thailand, Pakistan has a relatively high area
elasticity. 1In terms of production responses, South Korea and the
Philippines show relatively high elasticities that have resulted
because of their relatively high yield elasticities.

The time period that it takes for the full impact of a price
change to take place (the adjustment period), varied significantly
from one country to another. This ad justment period took anywhere
from one year in Burma, Indonesia, and the Philippines, to about five

years in Thailand.
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Sri Lanka, Rice

The study by Bogahawatte (1983) suggests an inelastic own-price
supply response for rice in Sri Lanka, a country that relies on rice
imports to feed its population., The model in this study consists of
yield and acreage equations; total production of paddy rice is then

calculated as a multiple of yield and acreage:

Q=Y.A
Y = f(IR, R, R._,» MV, CR, CI, P,_;)
A = f(IR, R, R._y» MV, CR, CI, A _,, GPS)
where:
Q = total production of paddy in metric tons (MT)
Y = yield of paddy in kilogram per hectare
A = area planted to rice in hectares
IR = the proportion of paddy area under irrigation
R = the amount of rainfall
MV = the proportion of paddy under local hybrid varieties
CR = the amount of agricultural credit given f[or paddy in
rupees per hectare
CI = the proportion of paddy under crop insurance
GPS = the Ratio of guaranteed price of paddy to average
weighted guaranteed price of subsidiary food crops.
. _ cPs,_,
t-1 Pf where: Pf is the average price of NPK

fertilizers.

This model was estimated for the wet and dry zones of the island

2

for two seasons: Maha and Yala.2 Zellner's seemingly nrelated
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regression procedure was applied to data from 1955 through 1979. The
supply elasticities are summarized in Table 42, Appendix II. These
elasticities are assumed to be short-run because of the exclusion of
the lagged dependent variable in the yield equation. Although in the
area equation lagged dependent variable is included, the elasticities
are not divided by the adjustment coefficient and therefore they are
assumed to represent short-rnn elasticities.

The results suggest relatively low yield and area elasticities,
implying a relatively small incentive to increase paddy production
(especially paddy acreage) in response to an increase in the
government's guaranteed price.

The regression results suggest that the guaranteed price

scheme provides only a small incentive to paddy production.

Irrigation is a major contributory factor to rice production

in the dry zone. The modern varieties and agricultural

credit significantly affect yields. Rainfall and cultivated

acreage in the previous season affect the current rice
area... The policy of the government should be to maintain

the rice imports at its original level and increase domestic

production through producer incentives such as provision of

credit, farm inputs, etc. The increase in the world price

of rice brings about a direct impact on the consumption

sectors of the rice economy through reduction in rice

imports. However its effect on domestic production appears

to be low (Bogahawatte, p. 25).

Through simulation, the long-run effects of a world price increase on

rice production was obtained which appeared to be low.

88



Indonesia, Rice

Pitt (1983) criticizes the previous work on input demand
elasticities, such as the study of Sidhu and Baanante (1981), because
of their failure to account for the seed switching possibility.

These and other studies neglect the possibility that
cultivators can respond to price changes not only by
ad justing their use of variable inputs but also by
switching to different seed varieties (pitt, p. 502).

The fertilizer demand models that do not consider this seed
switching activity will therefore underestimate input demand response
to price as the response is higher if seed variety is allowed to vary,
Furthermore, because these models only consider the response of one
kind of variety to changes in price, they selectively eliminate the
farmers who have switched varieties and therefore the least squares
estimation may be selectively biased.

In Pitt's study, simple two-stage estimation procedures which
ad just for selectivity bias are applied to data pertaining to Javanese
paddy cultivators of traditional (TV) as well as high yielding
varieties (HYV). Pitt's model assumes profit maximization in the
simultaneous determination of seed variety and fertilizer demand. A
translog (transcendental logarithmic) profit function is used to
derive the equations that estimate fertilizer demand elasticities.
Data pertain to 616 individual farm plots of wet rice on the island of
Java, Tndonesia, in 1971. The included variables are land (plot area
in hectare), irrigation (the quality-veighted index of irrigation
applied), the money price of rice, and the money price of urea

fertilizer (very little factory fertilizer other than urea was used).
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The change in the probability of planting HYV rice in response to
changes in the exogenous variables are presented in Table 424,
Appendix II. From the figures in this table, one can conclude that
seed selection is quite responsive to the fertilizer/rice price ratio.
Also, improvements in irrigation quality will induce substantial
adoption of HYV variety (Pitt, p. 506). The calculated price
elasticity of demand for fertilizer, allowing for seed switching, in
HYV of rice is -1.561 and the TV is -0.400. The total elasticity in
the absence of seed switching is -1.042, while adjusting for the seed
switching activity increases the elasticity to -1.155.

Although this paper does not report any own-price supply
elasticities per se, it was included in this manuscript because of its
consideration of seed switching activity which will affect the
own-price supply elasticities.

Nainggolan and Suprapto (1984), estimated short- and long-run
rice output elasticity for Java, Indonesia. Total output supply
elasticity was calculated as the summation of acreage and yield
elasticities. Rice acreage and yield models were specified as
Nerloviarr—tfpe models and were applied to time-series data from 1968
to 1977. Ordinary Least Squares Method of estimation was applied to
each equation individually.

Rice acreage was specified as a function of lagged deflated (by
general price index) price of rice, weather (measured by rainfall),
and lagged acreage. Yield per hectare was specified as a function of
lagged deflated price of rice, current acreage, weather, and lagged
yield per hectare. The results from acreage equation were not

satisfactory: none of the coefficients turned out to be significantly
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different from zero and the R2 was relatively low (.57). Therefore
it was concluded that price increases do not encourage expansion in
rice acreage. However, the coefficients for lagged rice price and the
weather variable turned out to be significantly different from zero in
the yield equation and R2 was equal to .92 for this equation.

In summary, the price variable had a significant effect on rice
yields, but not on acreage. Two reasons were given for these results
(Nainggolan and Suprapto, p. 5):

l. The majority of rice farmers in Java are small holders with
average of 0.1 hectares of land.

2. Most of the BIMAS and INMAS activities have been centered in
Java.

Therefore land is a major constraint for rice production, and thus
price incentives would not increase acreage while they would encourage
the expansion of use of other inputs such as fertilizer, improved
seeds, pesticides, and irrigation which would all lead to an increase
in yields. Short- and long-run elasticities from this study are

reported in Table 42B, Appendix II.

India, Sugarcane

In a study of the determinants of sugarcane acreage fluctuations
in various regions of Uttar Pradesh, Lal and Singh emphasize the
importance of sugarcane and sugar industry as a source of income and
employment in this state. Uitar Prafesh accounted for about 40
percent of sugarcane production during the 1977-78 period.

Lal and Singh applied a Nerlovian ad justment lag model to data
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from 1950-51 to 1974-75:

leg Yt = log a + b1 log Yt—l + b2 log Zt_1 + b3 log P

P
yt

Vyt

Vi

+ b4 log wt + b5 log Dt—l + b6 log It + b7 log P

14
t-1

yt

+ b8 log Vyt + log Vt

current and lagged sugarcane acreage in
thousand hectares.
relative yield of cane to wheat, lagged one

period.

= gur price deflated by wheat price, lagged one

year,
rainfall during sowing months (October -
February) in millimeters.

percent cane acreage infested with pests and
diseases.

irrigated area in thousand hectares during
growing season,

price risk measured by standard cdeviation of
sugarcane prices over the three preceding years
yield risk represented by the standard
deviation of cane yields over the three
preceding ycars.

random error.

The model was estimated using Ordinary Least Squares method of



estimation. The Durbin 'h' statistics did not indicate the presence
of serial correlaticon. The relative gur price was found to be a
better variable in explaining acreage fluctuations than relative
sugarcane price. Lal and Singh give the reason:

The gur sector accountes for a greater part of the

sugarcane acreage and output in Uttar Pradesh, and rince

the cultivator couverts cane into gur himself, the price

of gur appears to be a more relevant decision variable

(Lal and Singh, p. 104).

The elasticity estimates (Table 43, Appendix II) show a very
el stic long-run supply response with respect to lagged gur/wheat
relative price for Western region and Uttar Pradesh as a whole. The
ad justment coefficient was found to be the highest for the central
region which implies that the acreage adjustments were made more
rapidly in this region. Futhermore, the respornse of the farmers in
the eastern, central, and the western regions to the risk of price
fluctuations were found to be negative and statistically different
from zero. However, although negative, the regression coefficient of

the yield risk variable was not significantly different from zero for"

all the regions and the state as a whole.

Pakistan, Various Agricultural Products

Tweeten (1985)used a Nerlovian-type direct supply function to
estimate own- and cross-price elasticities for several agricultural
products in Pakistan. # typical supply response equation used by
Tweeten is presented below:

0. = F [w(p,/PP), I, HYV]
1 1
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where:
0, = output (production of commodity i)

W(Pi/PP)= a declining weighted average of past real prices

of commodity i (prices received to prices paid by

farmers)
1 = irrigated area or water supply
HYV = high-yielding varieties as a measure of technology

In addition to the direct estimation of the supply function,
total output elasticities were also calculated as a summation of yield
and acreage elasticities. Ordinary least squares method of estimation
was used for most of the crops and it was applied to data from 1962/63
to 1982/83. Because of the autoregression of residuals in equations
for rice, wheat, and livestock, autoregressive least squares method of
estimation was also used for these crops. However, the estimates from
the latter method did not significantly differ from the OLS results.
The price coefficients in rice and wheat equations were not
significantly different from zero.

The estimated elasticities from this study and from other studies
(consensus judgments) are presented in Table 44, Appendix II. Not all
the cross-price elasticities were available from other studies or
could be estimated directly from econometric estimates because of
multi-collinearity among the variables and unavailability of data.
Therefore, economic theory was used to derive the cross-price
elasticities. The procedure is explained in Tweeten, 1985, Appendix
A. The results of Tweeten's study indicate that in the short-rum for

cotton grown in Pakistan and Punjab, vield is more responsive than
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area to price., For sugarcane, area elasticities are considerably
larger than yield elasticities in the long-run. In addition, supply
responses are much greater in Punjab than in Sind, both in the short-
and long-run (Tweeten, 1985, p. 10). However, for wheat, both area
and yield elasticities are much larger in Sind than in Punjab or
Pakistan as a whole, Tweeten's elasticitv estimates (Tables 44)
suggest that wheat supply is less responsive to price than is the
supply of other major crops (Tweeten, 1985, p. 11).

Because of data unavailability aggregate output supply
elasticities were not calculated for individual provinces but only for
Pakistan as a whole. The estimated elasticities for aggregate output
are smaller than individual commodity elasticity estimates. rhe
explanation is given as:

Resources can be shifted from one commodity to another
when the price of only one commodity is changed. When
all prices increase, however, the aggregate output
response is restricted by more modest percentage changes
possible in total resources (Tweeten, 1985, p.11).

From the consensus estimates it appears that in the short-run
output prices have a higher impact on output supply of individual
crops than input prices. In the long-run, however, this 1s not the
case for many of the studied crops. The reduction of prices paid by
farmers by a certain percentage has a higher impact on cotton, sugar,

rice, and miscellaneous crops output supply than the increase in the

respective output prices by the same percentage.

Taiwan, Agricultural Qutput

Yotopoulos, Lau and Lin (1976) extend an earlier study by Lau and



Yotopoulos (1972) to an analysis of farm household in Taiwan. The
study uses a normalized restricted profit function (duality approach)
of a Cobb-Douglas form applied to cross-sectional data on about 400
farm households grouped according to five sizes of operation. The
data were collected for 1967 and 1968. TFour variable inputs: labor,
animal labor, mechanical labor, and fertilizer and two fixed factors :
land and fixed assets were included in the model. All the input
prices and the profit were normalized by the price of output. Dummy
variables corresponding to agricultural regions were also included.

The normalized restricted profit function and the four sets of
input demand equations were estimated by Zellner's Method which ia
asymptotically efficient. As was mentioned before, OLS applied to
each of the equations separately, although consistent, will not
necessarily be efficient. The estimation results indicate that the
null hypothesis of equality of the coefficients appearing in both the
profit function and input demand equations could not be rejected.
This implies that the hypothesis of profit maximization cannot be
rejected.

Thus, the agricultural households in Taiwan may
therefore be regarded as efficient producers at least
within their ow.a environment (Yotopoulos, Lau and Lin,
1976, p. 339).

Indirect estimates of the production elasticities were derived
using the parameters of the estimated model. These indirect estimates
represent production elasticities of the Cobb-Douglas production
function that underlies the normalized restricted profit function.
These estimates were compared with direct production elasticities

obtained from estimating the production function in this study and



other studies. The direct and indirect elasticities figures are quite
different from one another. One should note that indirect estimates
are consistent and asymptotically efficient, while the direct
estimates are generally inconsistent because of the existence of
simultaneous bias. The indirect elasticity estimates from this study
indicate that labor and land are by far the two most important factors
in output., Production elasticity with respect to labor is 44, aad
with respect to land is ,4l. Nex! to labor and land, fertilizer is
the most important factor with an elasticity of 0.10. Own- and
cross-price elasticities derived from this study are presented in
Table 45, Appendix II. Because of the existence of the fixed factors
of production, these elasticities are assumed to be short-run in
nature.

As it is shown in Table 45, own-price elasticities are all
greater than one implying elastic own-price output supply and input
demand functions. Moreover, in the output supply and input demand
functions, the price of output has a larger impact than any other
variable. Therefore, Taiwanese government output price support
programs will have a greater effect on output supply and employment of
inputs than input subsidy programs.

The own-price supply elasticities for India, Egypt, Indonesia,
Sri Lanka, Pakistan ana Taiwan f-om the above explained studies as
well as the estimates from the two versions of the GOL Model and the

IIASA Model, and the study by Tyers are reported in Appendix VI.
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Latin American Developing Countries

Colombia, Various Agricultural Products

Norton (1985) tests the price-responsiveness hypothesis for
various agricultural products in Colombia, using time-series data on
production and prices. [he analyzed commodities are: cotton, corn,
sorghum, barley and rice. The results of this study suggest that the
production of most of the examined crops (except for rice) were
price-responsive (Norton, p. 52).

For Cotton, the most important explanatory variables in the area
planted equation are: lagged cotton price, the price of cotton
relative to the price of rice, and the price of cottoun relative to the
rural wage rate. 1In the area planted equation for corn, the main
explanatory variables are the lagged ratio of barley to corn price,
and the lagged real rural wage rate deflated by consumer price index.

For sorghum, the dependent variable is the physical production of
sorghum. Lagged price ratio of sorghum to cotton and the lagged real
price of sorghum are the main explanatory variables in the equation.
For barley too, the dependent variable is the physical production
level. The explanatory variables are the price ratios of barley to
potatoes, lagged one to four years. For most equations data from 1958
through 1984 were used.

For rice, neither area planted nor the production level was found
to be price responsive. Historically, rice has responded to increases
in the irrigated area, and therefore vear-to-year fluctuations in its
relative price have not aftected its attractiveness for irrigated

farmers (Norton, p. 55).
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African Developing Countries

Egypt, Rice

de Janvry, Siam and Gad (1983) measured the price elasticity of
marketed surplus for rice in Egypt., Emperical results from this study
are based on two three-year periods: 1975-78 and 1978-81. The results
indicate that marketed surplus elasticity is higher with respect to
free-market price than to quota price. Moreover, the results show
that increasing the quota for forced deliveries actually reduces
marketed surplus as long as free sales exist. That is:
Egyptian food security in rice for the urban and
landless populations is not significantly improved by
forced deliveries (de Janvry, Siam, and Gad, p. 499).
Another important finding from this study is that the elasticity
of marketed surplus with respect to price changes is positive and high
on all farm sizes. The output supply elasticities used in this study
were obtained from Cuddihy and Von Braun and were taken to be the same
for all farms because of homogenous economic behavior and physical
constraints across farms. The elasticity of output supply with
respect to price of rice in Egypt was assumed to be .32. This is
interpreted as a long-run supply elasticity because in the paper it is

mentioned that short-run effects assume zero output response.

Sierra Leone, Various Agricultural Products

John Strauss (1984), 1in an attempt to mecsire the marketed
surplus elasticities in Sierra Leone for various agricultural

products, estimated a production and a demand model. The included
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commodities were rice, root crops and other cereals, oils and fats,
fish and animal products, and miscellaneous foods. The data were from
a cross-section survey of 138 households in rural Sierra Leone, for
the 1974-75 cropping year (May-April). The sample was divided into
three expenditure groups: those with annual per capita expenditures in
1974-75 U.S. dollars of $54, $88, and $136 respectively for the low,
middle and high23 expenditure groups.

It is assumed that the household behaves as if it maximizes its
profit subject to its production function and then maximizes utility
subject to its full income and time constraints. The demand and
production sides can be estimated separately with the assumption that
the stochastic disturbances of the two sides are independent., The
demand side uses a quadratic-expenditure system with quadratic eangel
curves; the production side assumes a constant elasticity of
transformation function to specify output and a Cobb-Douglas function
to specify inputs. Since price data were available and because
estimating the production side directly would result in simultaneity
biasza, duality approach was used to estimate the output supply and
input demand elasticities.

The calculated own-price output supply elasticities from the
constant elasticity of transformation/Cobb-Douglas System, calculated
at sample mean values, are reported in Table 46, Appendix TI. These
elasticities are assumed to be short-run because of the existence of
fixed factors of production, such as land. The calculated marketed
surplus elasticities are much larger compared to output-supply
elasticities. This is possible if production is much larger than
surplus. Strauss states that the marketed surplus elasticities for

rice is consistent with previous studies.

100



Limitations of the study:

The results of this study suggest relatively low own-price supply
elasticities for agricultural products, especially for cash crops such
as oils and fats. However, it is discussed that the estimated
own-price supply elasticities are biased towards zero. The failure to
correct for land quality is given as one reason for this downward
bias. The price effect on output will be biased downward if one
considers that higher quality of land is associated with more output
and therefore lower prices. Two other factors that may have
contributed to the low price supply elasticities for oils and fats
are:

1. Palm products produced by the sample households are entirely
from wild trees. Therefore, the major response to price changes can
only come from varying picking and processing labor.

2. The elasticities are calculated by averaging the exogenous
variables over numerous households, only some of which are major oil

and fat producers with higher than reported supply elasticities.

Nigeria, Cocoa

Oni and Olayemi (1974) estimated acreage elasticity for cocoa in
Western Nigeria. As it is the case for most supply response models
applied to perennial crops, a Nerlovian-type model was used. Ordinary
Least Squares multiple regression technique was applied to annual data
from 1937 through 1958 for six provinces: Indo, Ibadan, Oyo,
Abeokuta, Ijebu, and Colony, as well as the state aggregate.

It is assumed that farmers allocate their resources to new cocoa

planting such that they maximize the present value of the expected



flow of rcvenues minus the present value of the expected flow of
future costs., The present value of the expected flow of revenues and
costs depends on expected prices, input costs, and revenues. It is
further assumed that the average future cocoa price expected by the
farmer for the bearing crops (after the gestation period is over) is
equal to the lagged observed price (Pt-l)' This assumption about
the expected future price, has been referred to as a "Naive Nerlovian
Model" in the literature. Also, new planting decisions are unot only
based on future expected prices and economic outlook, but on the
extent that previous desired adjustments were achieved. The real
producer price lagged two periods (Pt-?.) is included to represent
this adjustment. Prices of competing crops such as palm o0il and palm
kernel were also included. The substitute crop price was included
only in the aggregate model because of the absence of sub-regional
data on this variable.

Another important factor that influences the new planting
decision is the area available for cocoa expansion. This variable is
calculated as the maximum area that can be put under cultivation minus
total existing cocna acreage. It is expected that, as the existing
cocoa acreage becomes larger, the farmers' acreage response declines
because of the limited management capacity and suitable land. Also,
the age of the existing trees is an important factor in acreage
response. As the existing trees get older and their yield decline, it
is expected that farmers would undertake more cocoa planting. On the
other hand, the proportion of the trees that are bearing affects the
farmer's ability to finance new plantings. Additionally, the Llimited

management capacity available for the new crop should also be taken



into account. To represent the age factor in this study, the
percentage of cocoa trees that were over 10 years old was included. A
time trend was also included to capture the effect of the
technological developments.

The model performed fairly well for Western Nigeria and all the
provinces except for the Colony Province. The poor results for the
Colony Province may be because of the fact that in this province cocoa
is not an important crop.

The supply elasticities (presented in Table 47, Appendix II)
suggest that the farmers response to prices varies significantly (from
0.46 to 5.74) from one province to another depending on the prevailing
sociological conditions and the inherent characteristics of the
farmers in each area. These elasticities can be regarded as long-run
elasticities because of the inclus'ion of prices lagged one and two
periods. The fact that these elasticities were used for cocoa
planting projections for the 1969/70 season, choosing 1947 as the base

year, also supports the long-run nature of these elasticities.

Ghana, Cocoa

Bateman (1965) used a Nerlovian type supply function to explain
the supply of Ghanaian Cocoa. The model was based on the assumption
that the farmer maximizes the present discounted value of the future
stream of net returns from his investment in cocoa. The acreage
supply equation specifies the number of acres planted in year t (Xt)
as a function of the discounted value of the expected real producer

n,
price of cocoa (Pt)’ and the discounted value of the expected real



producer price of coffee (Et) which is included as a substitute crop
in production, and lagged acreage under cocoa. Tt is further assumed
that the price expectations follow the usual Nerlovian Model, and that
the factor that causes a change in the farmer's price expectations
from one year to the next is t' 2 change in real producer prices
(Bateman, p. 387). Based on these assumptions, the acreage response
equation was specified as:

X = ao + a1 P +a, C_+ a3 X 1 +V

t t 2 7t t- t

However. since the data for area planted to cocoa were not
available, the annual amount of cocoa harvested was used as the

dependent variable.

By = byag + bjpay Py + (by=byda P, o+
PragCeoy * by = bylayc o+ A R o+
dA Ht 1 + Ut

where:
k = the age at which cocoa trees first begin to bear; it is

also assumed that this is the year in which the first

significant increase in yield occurs®?

s = the year in which the second distinct increase in yield
occurs

bl = output per acre attained after the first increase in
yield

b2 = output per acre after the yield plateau is reached

Pt = the real cocoa price paid to producers in year t

Ct = the real producer price of coffee in year t, measurad by

the world price of coffee
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the influence of rainfall during the formative stages

t-1
(March-June). The lag occurs because the crop year
begins in Octcober and extends to the following September
1—1t T - the humidity variable which affects yield through black

pod and other fungi diseases.

This equation was estimated using OLS Estimation Method applied
to data covering 1946-62 period. The cocoa growing area of Ghana was
divided into five main regions: Ceutral, Western, Volta, Eastern, and
Ashanti. ©Becauvse of s0il and climatic differences the Ashanti region
was further divided into three areas: O0ld Ashanti, Sunys:i, and
Goaso. Thz estimation results indicated that in most regions the
coefficient of cocoa price was significantly different from zero at 5
percent level. Furthermore, the results illustrated the importance of
cocoa and coffee prices, rainfall and to a much lesser extent,
humidity for cocoa output in Ghana. Supply responses to cocoa prices
in each region are represented in Table 48, Appendix II. The supply
elasticities differ significantly from one region to the other. The
differences among regic;nal output responses to lagged cocoa and coffee
prices is attributed to the differences in soil and age structure of
the trees in these regioms.

It must be added that, the current cocoa producer price at the
time of harvesting was initially included in the estimated equation to
crapture its effect nn farmer's decision on harvesting. The
coefficient was not significantly different from zern and therefore it
was eliminated from the equation. The insignificant coefficient for

the current price variable suggests that harvesting is not influenced
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by current producer prices. This is perhaps because the producer

price has always covered the costs of narvesting and transportation

(Bateman, p. 392),

Kenya, Tanzania, Senegal; Major Crops

Estimates of short-run supply elasticities for major crops in
Kenya, Tanzania and Senegal are given in USDA, Report No. 194 (1983).
For Kenya and Tanzania the model was divided iuto supply and demand
equations and a government behavior model with government announced
producer and consumer prices, net imports and increase in
government-held stccks as endogenous variables. The exogenous
variables in the governmeant behavior model are self-sufficiency orice,
world price, P. L. 480 imports, unanticipated demand, and the change
in government-held foreign exchange reserves., The supply equation is
a Nerlovian partial adjustment model.

For Kenya and Tanzania, the total quantity produced of each crop
was specified as a linear function of the current-year government-
announced real producer price for quantities of the crop delivered to
the government marketing boards, lagged index of real producer price
of the export crops (coffee, tea and cotton), a time trend, and the
lagged endogenous variable (total quantity produced) of the crop.
Producer prices were deflated by fertilizer price. The analysis was
based on data from 1964 to 1979 for Kenya, and 1964 to 1978 for
Tanzania. The own-price supply elasticities are presented in Appendix
IT, Tables 49 and 50. From the estimation results, wheat supply
appears to be very responsive to government-announced producer prices

in Kenya and Tanzania,
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For Senegal, an econometric model for the rice sector was
developed to investigate the effects of certain government
agricultural and food policies on the Senegalese economy. The model
was divided into three sections: production, consumption, and imports
(UsbA, 1983, p. 51). The production section was divided into separate
regressions for changes in cultivated rice areas and average rice
yields.

Area planted to rice in Senegal was found to be very responsive
to real producer price of rice. An increase (decrease) of 1 percent
in real producer price of rice resulted in about 3 percent increase
(decrease) in rice area (USDA, Report No., 194, p. 51). Therefore,
should the Tanzanian government reverse the steady decline in the real
produéet: price of rice, a significant increase in rice area would be
expected (USDA, p. 51). Yields were found to be greatly influenced by
the price of fertilizer relative to the price of rice and by the
amount of rainfall. Furthermore, the findings indicate a positive
effect on yields as rice area increases. That is, the expansion in
rice area has tended to bring in better quality land (USDA, p. 52).
Appendix VI includes the own-price supply elasticities for African

countries,

Summary of Own-Price Supply Elasticity Estimates for Developing

Countries
Similar to the developed countries, estimates of supply
elasticities for the same crop in the same country vary significantly

from one study to another. Duality approach gave the largest
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short-run elasticity estimates for aggregate farm output and rice in
the developing countries. For coarse grains, meat and dairy, however,
the revised version of the IIASA Model by Frohberg and Kromer gave the
largest short-run elasticity estimates.

In order to compare the aggregate outpu* elasticity with
individual crop elasticities, it is more appropriate ‘o compare the
relevant elasticities from the éame study, Tweeten (1985) estimated
aggregate output elasticity as well as elasticities for cotton,
sugarcane, rice, and wheat for Pakistan (Table 44, Appendix II and
Appendix VI). A lower supply elasticity is expected for aggregate
farm output than for individual crops. This is because, as it was
discussed earlier, it is generally easier to shift resources from the
production of one crop to another than it is from the production of
agricultural goods to non-agricultural products., The own-price supply
elasticities obtained from the direct estimation of the supply
function and the consensus judgments in the study by Tweeten (1985)
indicate that the aggregate output elasticity is lower than the supply
elasticities for rice, sugarcane, and cotton, but higher than the
elasticity estimate for wheat.

The ranking of individual products according to the
responsiveness to their own-price also varies from one study to
another for-the same country. Among individual crops in India,
according to the 1978 GOL Model and the study by Tyers, wheat has the
largest supply elasticity and coarse grains have the lowest. The
results are not the same as other studies. BRased on the 1985 GOL

Model, cotton has the largest elasticity estimate while rice has the
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lowest. Among all the elasticities estimated by the direct supply
function, sugarcane has the largest estimate, while rice and wheat
have the lowest,

For Pakistan, based on the study by Tyers, coarse grains have the
largest own-price supply elasticity and rice has the smallest. But,
according to Bale «¢nd Lutz, cotton has the largest sypply elasticity
and maize has the sm.llest. Tweeten's study indicates that cotton has
the largest own-price supply elasticity while wheat has the lowest in
Pakistan.

In Taiwan, according to the study by Tyers, coarse grains have a
higher supply elasticity tha: wheat in the long-run. However, the
opposite is true for the short-run. Wheat has a larger elasticity
than coarse grains.

In Indonesia, according to the 1978 GOL Model, oilseeds have the
highest supply elasticity and coarse grains have the lowest. But,
based on the 1985 GOL Model, cotton has the largest own-price supply
elasticity, while wheat has the smallest. In Egypt, according to the
revised version of the IIASA Model (Frohberg and Kromer), protein feed
has the lowest own-price supply elasticity and rice has the highest.
However, based on the 1985 GOL Model, sugar has the lowest supply
elasticity, while wheat has the largest. Bale and Lutz gave the
lowest supply elasticity for cotton and the highest for rice. The
ranking of individual commodities by the magnitude of their own-price
supply elasticities are presented in Table F for several developing

countries,
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Table F. Ranking of Agricultural Commodities by the Magnitude of Their Own-Price Supplv Elasticities From Various Models,
for Several Developing Countries, Derived from Appendix VI.
Country/Model Own-Price Supply Elasticity
Largast Sma’lest
India
1978 COL Hedal (.38)! (.35) (.32) C.an
Hhaeet O Oileeseado > Rice > Coarse Grains
1985 GOL Hodal ((.250)? (.15) (150 (.15 (.15 (.1
Cotton > Coarse Grains = Whaat = Oilseedns = Sugar > Rice
Tyars Model (.41) (.29) (.2Y)
Wheat > Rice > Coarse Grains
Birect Supply Fuoction (1.21) (1.08) (.8%) (.56) (.22) (.10)
Sugarcane Cotton > Groundnuts > Heige O Rice > Wheat
Pakiztan
Tyers Hodel (.19) (.15) (.07)
Coarse Craine O Wheat > Rice
Bule & Lutz Modal (.82 - 2.47) (.17 - ,53) (.15 - ,4%) (.10 - .30)
Cotton > Wheat - > Rice > Maize
Tvasten Hedel (.88 - 1,03) (.64 - ,94) (.45 - ,66) (.27 - .40)
Cottoa > Sugarcane Rice > Wheat
Taivan
Tyere Hodel Long=-run: (.50) (.45)
Coarze Grains > Wheat
Short-run: (.30) (.25)
Wheat > Coarsa Grains
Indonacia
1978 GOL Hodel (.32) (.30) (.19)
Oilsacde > Rice > Coarse Graire
1965 GOL Hodel ((.25)) ((.15)) ((.12)) ((.09)) ((.05))
Cotton Oilseads > Rice > Sugar > Wheat
Epypt
TIASA~Frohberg &
Kromar liodal (2.03) (1.25) (.65) (.13)
Rice > Wheat > Coarse Grains Protein Feed
1985 GOL Hodel (.29)) ((.25)) ((.18)) ((.16))
Wheat > Haize O Cotton > Suger
Bala & Lutz Hodel (.25 - .75) (.12 = ,I37) (.06 - .18) (.05 - .15)
Rice > Whaat > Maize > Cotton

|

The figuree in single parentheses represent elasticities wvith respect to domestic prices

2The figuras in double psrentheses represent elasticities vith respect to world prices
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It is expected that the supply responsiveness to price
fluctuations will increase with the degree of commercialization
(Sobhan, p. 12). That is, we would expect that commercial crops such
as cotton, sugarcane, coffee and cocoa to have higher own-price supply
elasticities than subsistence food crops such as wheat and rice.

From the studies that are summarized in Appendix VI, the weight
of the evidence indicates that cash crops have larger own-price supply
elasticities than subsistence crops. In Nigeria, the elasticities
collected from the studiec by Behrman, Oni and Olayemi, and Frohberg
and Kromer show much larger elasticities for cocoa than cotton in the
long-run and for cotton than oilseeds, coarse grains and wheat in the
short-run. For Africa in general, the supply elasticity for :offee
estimated by Bacha is much larger than the long-run elasticity
estimates for oilseeds, coarse grains, rice, wheat and maize reported
in the 1985 GOL Model for Subsaharan Africa. For Thailand, the Bale
and Lutz estimates of supply elasticities for rubber and sugarcane are
higher than their estimated elasticity for rice. On the other hand,
the 1985 GOL Model reports a higher elasticity estimate for maize than
rice and sugarcane.

The ranking of commodities in Table F, gives support to the
argument that in many of the developing countries, cash crops have
larger supply elasticities than subsistence food crops. For India,
according to the 1985 GOL Model the elasticity for cottoa is larger
than wheat and rice. And based on the models that have used the
direct estimation of the supply function, sugarcane and cotton show

much higher supply response to price than maize, rice and wheat.
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Similarly, the supply elasticity estimates by Bale and Lutz, and
Tweeten for Pakistan and the reported elasticities in the 1978 and
1985 versions of the GOL Model for Indonesia (Table F) show that cash
crops are more price responsive than subsistence crops.

Policy analysts may be interested in knowing which countries have
higher supply elasticities relative to other countries. 1In other
words, whether supply i.s more responsive to price in higher income
developing countries with more commercial agriculture, compared to the
lower income developing countries. The ranking of the developing
countries according to the magnitude of their supply elasticities is
given in Table G.

The majority of the studies in Appendix VI (Table G) rank Turkey,
Egypt, Taiwan and South Korea as countries with relatively high
own-price supply elasticities (relative to other developing
countries)., While the supply elasticity estimates for Bangladesh,
Pakistan, Sri Lanka, Burma and Indonesia place these countries at the
lower end of supply elasticities. For some commodities, according to
some studies, India has been ranked as a couatry with relatively high
supply elasticities, while for other commodities it has been ranked as
a country with relatively low supply response to own-price.

Empirical estimates of supply elasticities with respect to output
and input prices indicate that crop output is much more responsive to
output prices than to input prices. The estimated own- and
input-price output supply elasticities bv Sidhu and Baanante (1979 and
1981, Tables 36-B and 37, Appendix I1), de Janvrv and Kumar, (Table

39), and Kalirajan and Flinn (Table 40) for India, bv Twecten (Table



Table G. Ranking of Countrias and Regions by the Magnitude of Thair Own-Price Supply Elesticities, By Cowmcdity, Daveloping Countriass,
Barived fros Appendix VI,

Comwodity/Modal Owvn-Price Supply Elasticity
Largest Smallest
Caarse Crains
1978 CoL Wodat Gt (.10) (.19 (12 - 18
Indla > Theiland > Indoneaia > Horth Africe & the Hiddle East
Tyers Hodal (.63) .63) (.50) (.40) (.39) (.1
South Korea = Halayela > Telvan > rhlllppines > Surma ) Thailend =
(.22) . (.20) (.19) (.04)
Indonesia > Indis ) 8r{ Lanks ) Pakioten O Bangledesh
11ASA-Yrohbarg &
Krooer Model (.8)) (.6%) (.17 (.03)
Turkey ) Zgypt D Pakisten > Nigerla
hast
1918 00L Model (.38) (.15 - .29)
Indis > florth Africs & the ulddle East
1903 COL Hodal (.3’ (s (.o (.03
Igypt D Indla > Indomesia = Moreh Afcics & the Middle East
Tyere Hodel (.43) (.43) (.41) . (.1%)
Talvaa = South Korsa > India > Bursa ) Pakistan
11ASA - Be2ley (.76} (.58) (.%1) 7 ,09))
Kaype D Turkey > Pakistans O Indin
11ASA-Frohbarg &
Eromer Model (1.29) (.82) (.a1)
Lgypt > Tutkey > Pekioten
Cars
1983 COL Kodel (€.J)) ((.23))
Thailaad > Eeypt
Rale & Luts Model (.10 = .39) (.10 - ,3) (.06 ~ .18)
Thelland = Pakisten ) Zeypt
Dicact Letimation of
Supply Tuaction (.41 = 24.10) (.82 - 1.14) (.56) (.58) (.09)
Thallend > Milippinae > Indfa = Suden D Zgypt
Rice
1978 COL Model () (.30) (.1%)
1odla > Indovesias > Theiland
1983 CO1 Modat ((.24)) [{¥931)} ((.12))
Thaiiend > Indis > Indonesis
Tyere Model (.74) (.38) (.)2) (.30) (.29) (.26)
Bangladash > Nalayeia > Sri Linka > Indonasin > tndic > Philippines >
(.20) (.4) (.14) (.08) (.07)
Burwa > Taivan = South Kotes > Thalland > fakistan
11A8)-Prohberg &
Krowar Nodel (1,03) (.93) (.51
Egypt > Pskiscen > Turkey
Ite, et. al. Model (1.62) (.41 (.»9) (. 4) (.q1) (.17)
Theilerd > Piiipsines > Pakistan Indonasia > Indies > Tsiwan >
(.07) (.04)
Sangledesh Burus
Oilsneds
1378 cOL Model (.33) (.32)
Indla > Irdonesin
1983 COL Mcdel ((.15)) (.13))
lodia = Indonasis
1TASA-Frohbarg &
Krowar Modael (.13 (.04)
gyt Nigerin
Sugar
1985 COL Model ((.16)) ((.13)) (C.14)) ((.Dﬂ).
Egypt > Iodia > Thailaad > Indonesia
Direct Lotiration of
Supply Twactios (.10 - 2.2) (.44 -~ .94) (.13 = .16)
ledin > Pakiotas > Mmitippines
Catton
1983 COL Mudel ((.23)) ((.25)) (.25}
tndia = Indonaeia = Thatland
Direct Zatimation of
Supply Puactioa (1.08 - 1,62) {.s5¢c) (.28) (-.08)
indla > Sudsa > Nigeria Zgypt

l'l'hc tigures in single parenthases rapresent slaaticities with respect to domestlc prices

The tigures lp double parentheses represant elasticitias vith respect to world prices
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44) for Pakistan and by Yotopoulos, Lau and Lin (Table 45) for Taiwan
support this argument, Thus, in these developing countries, policies
directed toward increasing output prices are expected to be more
successful in increasing output than those that decrease input prices.

Although the weight of the evidence indicates the significant
effect of prices on output supply, the role of non-price variables
should not be ignored. Non-price variables such as credit
availability, irrigation, fertilizer, education and technological
improvements increase the level of output supply for a given price by
shifting the supply curve to the righ:.

Chhibber's estimates of output supply elasticities with respect
to non~price shifters in India are almost twice as large as the
elasticities with respect to price when total irrigated area is used
as a non-price supply shifter (Table 36-A, Appendix I1). However,
when area irrigated by government canals is used as a supply shifter,
the non-price output elasticity is less than the own-price supply
elasticity.

The studies by Sidhu and Baanante (1979 and 1981, Tables 36-B and
37, Appendix I1) show the significant impact of non-price variables
such as education and land quantity on output supply. Boguhawatte's
estimates (Table 42, Appendix II) suggest that irrigation, modern
varieties, and agricultural credit are major contributory factors to
rice production in Sri Lanka, while supply response to an increase in
the government's guaranteed price i: low.

Finally, the supply elasticity estimates by Sidhu and Baanante

(1979) and de Janvry and Kumar for small and large farms in India
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suggest that there exists constant returns to scale in wheat
production and that there is identical pattern of production response

to price movements in small and large farms (de Janvry and Kumar, p.

7).
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A Comparison of Supply Responses
Between Developed and

Developing Countries

Willis Pete -on (1979) estimated long-run supply elasticities
for fifty~thre. developed as well as developing countries, Cross-
sectional data for two, three-year periods (1962-64 and 1968-70) were
used for the estimations. A log-linear supply function of the
following specification was fitted for this purpose:

Q = ap® B 7% QU
where:

Q is total agricultural output in quantities of wheat units per

hectare of agricultural land

A is the constant term

P is "real" domestic prices received for all farm products in

each country during each three-year period in terms of
kilograms of commercial fertilizer that could be purchased
with 100 kilograms of wheat equivalents

W is a weather variable approximated by the long-run average

annual precipitation of each country in the sample

T is a technology variable approximated by the number of

agricultural research publications for each country in the
sample.

The above equation was estimated using both Ordinary Least
Squares (OLS) and Instrumental Variable (Durbin) techniques, The

latter method of estimation was used in order to guard against the
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possibility of bias in the coefficients because of measurement errors
as well as simultaneous equation bias (Peterson, p. 16)., Since the
results indicated that the set of coefficients was not significantly
different between the two time periods, all the observations were
pooled into a single regression., The supply equation was also
estimated without the research variable (T). The results are
presented in Table 51, Appendix II.

Own-price supply elasticities estimated by Peterson (Table 51)
suggest a highly elastic supply function for the world. These
estimates are substantially larger than the U.S. aggregate output
supply elasticity estimated by Griliches (1960) but in the same range
as those estimated by Tweeten and Quance and Griliches (1959). It is
observed that the inclusion of the research variable reduces the
supply elasticity estimates. This is perhaps because of the positive
correlation between price and the retearch variable.

Another important finding of this study is that real prices of
agricultural commodities received by farmers in the LDCs have been
lower than those in the developed nations. Governments of the LDCs
have kept the real prices of agricultural products artificially low
for various reasons:

a) to collect government revenue by imposing export taxes

b) to control inflation

c) to protect local industries, to conserve on foreign exchange,

and to collect additional taxes by imposing tariffs, quotas,
and embargoes on inputs used in agriculture and consumer

goods purchased bv farm people.
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All the above listed factors have coantributed to a decrease in
real farm prices in LDCs. In addition, foreign food assistance
programs such as P. L, 480 to these countries have contributed to
lowering farm prices in developing countries.

Finally, the data used in this study were partitioned between DCs
and LDCs to test the hypothesis that the peasant Farmers in the LDCs
are less responsive to price than their commercial counterparts in the
developed countries. The F tests showed no significant difference in
the supply elasticities between the two groups of countries,

In fact, the observed difference in the supply
elasticity ran in the direction of a larger elasticity
for the LDCs, although the difference was not
statistically significant at the conventional levels.
At least it seems fairly safe to say that the estimated
supply elasticity definitely is not smaller in the LDCs
than in the DCs, and may even be larger (Peterson, p.
18).

Limitations to the estimates:

It is argued that the supply elasticities obtained from
cross-sectional data overestimate the true supply elasticities because
of the difficulties of incorporating structural differences among
countries which are at different stages of development, Tt is
expected that the omission of non-price constraints would lead to an
overestimation of the true supply elasticity with respect to
own-price. VFrom Table 51, Appendix IL, it is observed that the
own-price supply elasticity in Peterson's study decreasas from 1.66 to
l.27 with the inclusion of research expenditurz as a shift variable,
The magnitude of elasticity is further reduced to .97 with the

introduction of an irrigarion variable.

In order to derive unbiased estimates of the aggregate supply
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responsiveness of farmers, all other constraints such as the
availability of credit and fertilizer must also be included in the
supply equation (Chhibber, p. 6).
Otherwise it is dangerous to derive strong policy
conclusions on the need for higher farm prices to
stimulate agricultural growth from estimates which do

not take account of fundamental structural differer-es
between countries (Chhibber, pp. 6-7).

Are the Developed Countries Producers More Price Responsive Than the

Developing Countries Farmers?

Although Peterson's study showed that there is no significant
difference between supply elasticities of developed and developing
countries, many of the studies that are reviewed in this manuscript do
not give the same results. The ranking of countries (developed and
developing) according to the magnitude of their supply elasticitiasg is
given in Table H.

The majority of the studies (Table H) rank developed countries as
having higher own-price supply elasticities than developing countries.
For aggregate farm output according to the models that have used the
duality approach and for coarse grains, wheat, corn, and sugar,
according to the 1978 GOL Model and the studies by Tyers, Frohberg and
Kromer, and Bale and Lutz, the estimates of own-price supply
elasticities are larger for the developed countries than the majority
of the developing countries. However, for rice, oiiseeds and c¢otton,
it is not apparent that the farmers in the developed countries are
more responsive to price changes than the peasant farmers ia the

developing ccuntries (Table H).
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Table R,

Ranking of Countries by the Magnitude of Their Ovn-Price Supply Elssticities, by Commodities, Devaloped #nd Devaloping Countriss,
Darived from Appendices III - VI,

Commudity/Model

Oun-Price Supply Tlasticity

Aggregate Favm Output

Duality Approach

Coucse Craino

1978 coL Nodal

1983 GOL Model

Tyers Model

11ASA-Frohberg &
Krosar Model

Vheat

1718 COL Modal

1943 COL Wodel

Tysre Hodel

11a3A-82sley Model

LIASA~Frohbarg &
Kremar Nodel

Bala & Lotz Modsl

Corn

1983 COL Hodel
Psle & Luts Model

tica

1970 col. Xodel

1985 COL Hodal

Tyers Model

Largest

(.as!
U.B. >

((1.000)?
U.8.

(.
Indis >

((.30))
Jepan

((.150)
Indls >

(.91)
Vastern Inrope )

(.50)
Tefwan >

(.10)
Scl Lamka )

(.13)
Ugatern EBurope O

.17
Fakisces O

((2,33))
0.8, >

(.15 - .29)
Hosth Africe &
the Mlddle East

(.39))
Igypt O

((.08))
Casads

.9
VWastern Europs =

(.43)
South Korns >

(1.39)
Westarw furops )

((.;))
Indin

(1.29)
tyyse >

(.21
Paxisten >

(.90 - 2,41
Japan )

(.2
Thaileod >

(.43 - 1,39)
United Kingdom >

((.90))
0.8, >

(.15)
Thailand
(.23

Vesteen Lurope O

((.10))

Austeelis & Nev Zenland

.1
U.s. >

(.30
Australle =

(.18)
South Korea >

Vastern Lurops

Vestera Rurcpe O

(1.an
India

(.01}
Austrolie &
New Zaslend )

(.19)
Indonestis >

(€.23))
Morth Africa snd
tha Middle East >

(.¢8)
Cenada >

(.33)
Sursa )

(.04)
Bscgladeash

(.83)
Turkey >

(.63)
Cwnada )

((.25))
Veeters Burope O

((.0%))
Morth Africe &
the Hiddle Cast

(.80)
v.8, >

.

Bursa O

(.58)
Turkey

(.82)
Yurkey >

(.17 - .33
Pakistan >

((.23))
T -10 =

(.17 - .52)
France

(.J)
Indis >

((.18))
v.s. >

(.50)
Japan D

(.29}
tndia, >

(.on
Pakisten

(.70)

Cansia >

(.12 - ,14)

Morth Africe and the

Middle East

(.08 - .33))

Vestern Lurops >

(.6%)
South Korws

(.12)
Toafland =

.13
Cansda >

(.39)
Australio &

Nev Zasland >

((.13))
tndls >

{.60)
Japan D>

(.1%)
Pakfatan

(.51
Pakigtan =

(.80)
Cansda >

(.12 - .0
teypt

(C.25))

South Africa

(.10 - .J0)
Thailand =

(.30
Indonesia

(.15
Japan >

(.40)

>

Vestern Curope

(.26}
Milippines

b

>

Seallest
(.49) (.13
Other Vesters
turops ) Japam )
«.21)) ((.16))
East Asin ) Australia & Mev Zasln:
(.63) (.60)
Halayela > Asstralia .
(.22) .2
indonesis > Indlc
(.6%) (.9
Teypt O Japen D>
(.18) (.J0)
Indla > Japan D
((.oa ((.08))
Japan = Australia & Nev Zeals:
(.53) (.43)
Canads > Teivan =
(.51) (.*)
Australie O Canads >
(.68) (.64)
Australls > Japan D>
((.29)) .M
Ceypt > Other Vastern furops
(.10 - .30) (.06 - .18)
Pakiotan > Egypt
(.18) (.16}
Japan = Australis & Mew Zeatar
[(R¥31}] (.12
tndia > Indongeis >
(.38) tan
Mslaysia O Sei Lanks >
(.20) (.16)
furms ) Talvan =

Table H Continued
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Table H. Ranking of Countries by the Msgnitude of Their Own-Price Supply Elasticities, by Commoditi Devel d i i
Bopirt S Appendices 117 o B ot pply , by o ies, Developed and Developing Countries,

Comnodity/Model Ovn-Price Supply Elasticity
Largest Smallest
I11ASA-Frohberg &
Kromer Model (2.03) (1.49) (.94) (.93) (.57) (.31)
Egypt > Western RFurope >  Austrslia &
Hew Zealand > Pakistan > Turkey > Japan
Ito, at. al. Model (1.62) (.30) (.47) (.39) (.34) (.31
Thailand > Japan > Philippines > Pekistan > Indonenia > v.5. >
(.22) .17 .07 (.04)
India > Taivan > Bangladesh > Busma
Oileeads
1978 GOL Modai ((3.27)) (1.20) (.45) (.43) (.35) (.32)
U.5. > Canada > Australia &
Hev Zealand > Japan > Indis > Indonesia >
(.20) (.}0) (.02)
Other Weatemn
Europe > South Africa > EC -3
1985 COL Model (.25 « ,29)) (.10 = .29)) (.18 - .23)) (.09 - .28)) (.06 - ,23)) .18
EC - 10 > u.s. > Other Western
furope > Cansda > Japan > India =
€.15))
Indonesia
IIASA-Frohbarg &
Kromer Hodel (.40) (.35) .1 (.08) (.04) (.00)
Canada > Jupan > Egypt > EC = Higeria > Australia
Super
1985 CoL Model (C.23)) ((.16)) (.15)) ((.14)) ((.13)) ((.09))
Japan > Zgypt > India > Thailand > g€ - 10 > Indonesia =
((.09)) ((.09)) c.o7))
Other Wastern Australia &
EZurope = Nev Zoaland > Canada
Bale & Luts Model (.01 = 2.84) (.43 - 1.30) (.22 - .66) (.21 - .64) (.08 - ,28)
France > West Germany O United Ringdoa > Japan > Thalland
Cottnn
1985 GOL Model (.27)) (.25 ((.25)) ((.25)) ((.25)) ((.28))
Japan > U.5. = Other Wescern
Zuropa = Indonesia = Thailand = North Africa § the

Middie Fast >

.12)) ((.05))
-1 > Cansda

l1'h| figures in single parentheses represent elasticities with respect to domestic prices

"nn figuras in double psreotheses represent slaaticities with respect to world prices
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IV. SUMMARY AND CONCLUSIONS

The study of agricultural supply responses has been of great
interest to the policy makers of developed and developing countries.
The effect of price support policies can not be determined without an
understanding of price elasticities of supply.

This manuscript summarizes the agricultural price supply
responses in developed and developing countries. The various methods
that have been used in estimating supply elasticities are explained
and a literature review of the studies that have estimated price
elasticities of supply is presented. The studies cover the United
States, Canada, other developed countries, and the developing
countries. The elasticity estimates from the reviewed studies are
summarized in Appendices TII - VI.

While it is recognized that some studies are better than others
due to different theoretical and methodological approaches, the
existing literature has provided a wide range of estimates for supply
elasticities. A comparison of the supply elasticities for the same
crop in a given country, estimated by various studies, illustrates the
diversity of the estimates. Due to the valid differences in
econometrics or in methodology and theory, it is difficult, if not
impossible to rank all of the supply elasticities reviewed in this
manuscript by the quality of estimates. Therefore, the "weight of the
evidence" is used as an evaluation criteria.

Some of the reasons for the diversity of estimates are explained

in the following paragraphs. For example, Nerlovian type supply
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models are likely to underestimate the own-price short-run and
long-run supply elasticities. Errors in the independent variables,
misspecification errors (e.g. exclusion of the technology variable
from the supply equation), and failure to include all relevant past
prices in the price expectation variable are given as some of the
reasons for this downward bias.

The supply elasticity estimates may also differ from one study to
another depending on the type of data (time series or cross-sectional)
utilized. It is argued that estimates based on cross-sectional data
overestimate the true supply elasticities if there are differences in
technological and economical development stages across regions.
However, the studies that utilize time-series data may underestimate
the true supply elasticities. Time series data are subject to
transient fluctuations to which farmers may not respond so much as
they would to permanent price changes (Chhibber).

Moreover, what is included as price data may not be the same
across studies. Some estimates are based on nominal prices while
others are based on real prices. Even what is considered to be ""real
prices" may not be a homogenous variable across studies. Some studies
may use the price of one input, such as fertilizer, as a deflator,
while the others may use an aggregate input price index to deflate
nominal prices. The supply elasticity estimates, therefore, may
differ significantly from one study to another depending on the data
that have been used to represent the price variable. Also, it is
important to differentiate between elasticities with respect to

domestic prices and elasticities with respect to world prices.
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A summary of issues of interest to policy analysts explained in

this manuscript is presented below.

Aggregate Output Supply Elasticity

Compared to Individual Crop Elasticities

It is expected that individual crops have a higher own-price
supply response than aggregate farm output. This is because it is
generally easier to shift resources from the production of one crop to
another than it is to shift r2sources from the production of
agricultural goods to non-agricaltural goods. A comparison of the
supply elasticities for aggregate farm output and for individual crops

in the same country gives support to this hypothesis.,

A Comparison of the Elasticities of

Cash Crops and Subsistence Crops

This study also ranks individual commodities according to the
magnitude of their supply elasticities (Tables A, B,C, D and F in the
text). It is expected that the supply responsiveness to price
fluctuations will increase with the degree of commercialization. By
reviewing the elasticity estimates for developi.ng countries (Appendix
VI), the weight of tne evidence indicates that cash crops such as
cotton, sugarcane, coffee and cocoa have larger own-price supply

elasticities than subsistence food crops such as wheat and rice.
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A Comparison of Supply Responses Between

Developed and Developing Countries

In this study, a ranking of developed and developing countries is
given by the magnitude of their own-price supply elasticities for
given crops. The results are summarized in Tables F and G for
developed and developing countries respectively. Among developing
nations, the -~ajority of the studies rank Turkey, Egypt, Taiwan and
South Korea as countries with relatively high own-price supply
elasticities, while Bangladesh, Pakistan, Sri Lanka, Burma and
Indonesia are ranked as countries with relatively low supply
elasticities., The elasticities of supply are also compared among
developed and developing countries for specific commodities (Table H).
The majority of the .studies, for the majority of commodities, rank
developed countries as having larger own-price supply elasticities
than developing countries. This conclusion is consistent with the
general belief that the ccmmercial producers in developed nations are

more price responsive than peasant farmers in developing countries.

The Effect of Output Price Support Programs

Versus Input Subsidies on Production

Empirical estimates of supply elasticities in India, Pakistan and
Taiwan indicate that crop output is much more responsive to output
prices than to input prices. Therefore, policies directed toward

increasing output prices are expected to be more successful in
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increasing output than those that decrease input prices. However, the
same conclusion can not be derived for crops in Canada. Based on a
study by Lopez (1984), crop output is more responsive to input prices
than to its own price, while animal products have a higher response to

output price than to input prices,

The Importance of Non-Price

Variables in Output Expansion

Non-price variables such as credit availability, irrigation,
fertilizer usage, education, and technological improvements play an
important role in increasing output. For a given level of output and
input prices, an increase in non-price variables increases output by
shifting the supply curve to the right. Many of the studies reviewed
in this manuscript give support to the importance of non-.rice
variables and the fact that they should be used along with price

variables to increase output.

Supply Responses to Price Fluctuations

In Small Versus Large Farms

It is generally expected that supply elasticity estimate~ for
larger commercial farms are higher than the estimates for relatively
small farms. However, the supply elasticicy estimates for India do
not support this. The supply response estimates by Sidhu and Baanante

(1979), and de Janvry and Kumar for small and large farms in India
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suggest constant returns to scale in wheat production.

Conclusions

The estimates of supply elasticities could be used to determine
the effect of government farm policies on quantity produced. Along
with demand elasticities, they can be used to determine the
appropriate policies for different objectives. For example, if the
goal is self sufficiency, supply and demand elasticities could
determine the price level that will move the economy toward
agricultural self-sufficiency.

Classical welfare analysis is another important role for supply
and demand elasticities. The net gain or losses to society from a
trade (import or export) tax or subsidy is a function of supply and
demand elasticities. For example, in a small country case, an import
tax will increase producers surplus and government revenue, while it
decreases consumers surplus through increasing domestic prices. The
magnitude of the gain in producers surplus and government revenue
relative to the size of the loss in consumer surplu’s depends on demand

and supply elasticitiss,
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Footnotes

1

The elasticity of expectation is the ratio of the proportional

rise in expected future price of x to the proportional rise in its

current price.

“In some studies a short-run supply elasticity is dafined as

the supply response evolving over twc vyears.

JThis method is called the weighted average of input demand
elasticities with respect to the output price because input demand
elasticities are weighted by the respective distributive share of each

input (the share of each input in total costs or revenues),

It can be

shown that the elasticity of output with respect to each input {E_.)

Q1

is equal to the distributive share of that input (Griliches, 1959, *p.

319):
g = 20 . N
00 X Q
where:
Q = total output
Xi = the quantity demanded of input 1i.
—%%— = the marginal productivity of input 1i.

(21a)

Assuming perfect markets, the value of marginal product of input

i will equal its price. That is:

P. —&—j
Gt "X, L
i
where:
PQ = the price of output
3 . .
PQ—Tﬁg—'z the value of marginal product of input;
i
P = the price of input 1.

Dividing both sides of equation (21b) by Po’ we will have:

P,
2% . i
axi PQ
e 3Q , .
Substituting f.. 5% from (21c) into (2la) we will have:
i
Pi' X,
E . = i
Qi P_.
Q
where:
Pi-xi = the total cost of purchasing input 1
PQ'Q = total value of output.
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This method requires comprehensive data on production inputs
used to produce the commodity in question (Tweeten, Ju'y, 1985).

The following discussion on dual analysis (the profit function
approach and the cost function approaches) is paraphrased from Beattie
and Taylor, Chapter 6.

6Note that equations (26) and (27) imply that the inputs are
used up to the point that the Marginal Value Product (MVP) of the last
unit of the input equals its price. This is the basic principle
behind the derivation of a conventional input demand curve. Also by
taking partial derivative of equation (24) with respect to the
quantity of output one can derive the output supply curve which is the
marginal cost curve above the minimum of average cost. Therefore,
output supply and input demand price elasticities derived from
indirect profit function (duality method) should result in the same
estimates as those derived from the direct functions (direct estimates
of the output supply and input demand functions). The advantages of
duality method over the conventional derivation of output supply and
input demand functions will be discus:ed later in this section.

Mutatis Mutandis elasticities allow for the necessary changes
in the quantities of variable inputs to be made, while Ceteris Paribus
elasticities assume quantities of all other factors of production to
be constant.

For explanation of envelope theorem refer to Beattie and
Taylor, pp. 227-236.

9The studies by Weaver and Shumway will be explained later in
this section.

10The double logarithmic functional form was used so that the
estimated acreage price elasticities would be constant across states
(Whittaker and Bancroft, p. 551).

It was not specified in this study whether the elasticity
estimates are short- or long~run. However, since, the model did not
include the lagged dependent variable as an explanatory variable, it
is concluded that these estimates are short-run.

Although it is not explicitly specified whether these
elasticities are short- or long-run, it is assumed these are short-run
elasticities for the following reasons:

l. Firxed factors of production (land and pre-season
precipitation) are included in the model.

2. The implications which are derived from the results apply to
the short-run, as mentioned in the text.

13 . .

The translog function is used for tests that cannot be
performed with the normalized quadratic function.
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14T'ne supply elasticities reported in Askari and Cummings
(1976) for the U. S. is summarized in Table l4.

lSIn this model, short-run price transmission elasticities are
econometrically based, while the long-run transmission elasticities
are set at unity (Tyers, p. h).

16To estimate the price-constant production growth rates
(trends in production due to non-price factors such as technological
changes), geometric time trends were fitted to production and price
data. These estimates were then combined with a prior estimates of
long-run supply elasticities to estimate price-constaat components of
production growth (Tyers, p. 55).

7Since almost all of the studies that have utilized the
duality approach include fired factors of proZuction, no long~run
elasticities were available from this zpproach fur comparison.

18Seeley used the May 1984 version of the TIASA Model, while
Frohberg and Kromer used the March 1985 version. Within the ten
months from May 1984 to March 1985, while the structural form of the
model remained the same, revisions were made on the coefficients.

19For wheat the study by Schmitz reported in Askari and
Cummings, gives a larger elasticity than Rojko, et. al.

0 . . .
The exception is for coarse grains in Japan.

21 . . . .
Mutatis mutandis as opposed to ceteris paribus,

22Maha season refers to the paddy crcp wnich is sown in the
months of July to November and harvested in February to March of the
following year. Yala season refers to the crop which is sown in the
months April to June and harvested in August to September,

23The high expenditure group in rural Sierra Leone is quite
poor compared to those living in urban Sierra Leone and other
countries,

2 . . . .
4Th).s bias, as was explained before, is as a resulr of
eudogenous output (and inputs) appearing as right-hand side variables.

25The yleld pattern of cocoa indicates two mujor yield
increases, TFor the first k years of tree's life, output is zero but
then output per tree increases significantly in the kth year. After
this initial incresse, yield per tree stavs constant for three or four
years and then each tree experiences another rapid yield increase.
This high yields coatiuues for about 40 years after planting (Bateman,
p. 388). 1In most of the studied cocoa gzrowing regions in Ghana, the
lag between planting and iaitial beariag was eight years with the
second increase in the 12th year.
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APPENDIX I,
INDIRECT COST AND PROFIT FUNCTIONS
ASSOCIATED WITH VARIOUS PRODUCTION FUNCTIONS
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Appendix I.

Indirect Cost and Profit Functions Associated with

Various Production Functions.

Production Function

Indirect Cosi Function

Gencralized
Cobb-Douglas*

Quadratic*

CES

Transcendental -

o= pananr| (2)"

by hyie
v (b) ]
&= 2y ~ v)'UBirl + Bar}
+ Bariry)'?
fOI"] > v
¢ = yl.'vA-I"r[blhl“.rr”."
+ (l - b)l.’ll“lr‘-(l'n]tlo,].‘,

Mathematically intractaole

y = Axifixp

y = ap t a2, + ayx,
+ bix] + bbux]
+ b,‘]!,
¥ = Albxi? + (1 ~ b)xg¢]~"

y = Axjieixstehn

Production Function

Indirect Profit Function

Generalived

i = (1 — a)[pAriryablibp)in-«

Cobb~Douglas*.

; : Birl _ Bl _ Bonr
Quadratic® * =Py = mn = My - '\2";—,‘ - _;—P- - =1
CES = Pllllfﬂullll-ﬂ(l —l')A”“’"[b”“"'f"""’

+ (l - b)l'no‘),;'(l‘plwu .ot -0
Transcendental Mathemaiically intractable
'‘a = b| 4 bf-

et A = bih — bi. Then B, = bJA; By = bJA; By = —bylAi vo = ap — (bial + byal
-=2a,a,5y)/A; h = —a\fly = dydy; and ny = —a,By — a8,

“The indirect cost equation was obtained by integrating the inverse of the product supply equation
from va to y. Note that conditivnal factor demand eguations, which are practically impossible to
obtain as relatively simple expressions using the direct (primal) approach, can be obtained by

this circuitous route.

Source: Beattie and Taylor, p. 248.
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APPENDIX II.
INDIVILUAL COUNTRY
SUPPLY ELASTICITY TABLES
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Table 1. Implied Own-Price Supply Elasticities, Aggregate
Farm OQutput, U.S., 1911-1957, Estimated From a
Weighted Average of Input Demand Elasticities,
Griliches (1959)

(1) (2)
Short-run .28 .30
Long-run 1.20 1.32

Table 2. Own-Price Supply Elasticities, Farm Output,
U.S., 1920-57 (Aggregate Farm Output) and
1911-1958 (Sub-aggregates), Estimated From a
Direct Supply Function, Griliches (1960).

Aggregate Livestock and

Farm OQutput All Crops Livestock Products
Short-run 0.10 0.16 0.2 to 0.3
Long-run 0.15 0.23 0.70

Table 3. Own-Price Supply Elasticities, Aggregate Farm Output, U, S.,
1921-66, Estimated From a Direct Supply Function, Tweeten
and Quance (1969).

1921-66 1921-41 1948~66
(Entire Period,
Excluding 1942-47) (PreWar) (PostWar)
Short-run 0.155 .08 0.16

Long-run 0.19 0.31 0.31




Table 4, Own-Price Supply Elasticities, Farm Output, U.S.,
1921-1966, Estimated From Crop and Livestock
Components, Tweeten and Quance (1969).

Aggregate 1
Supply Elasticity Crops Livestock
Short-run 0.25 .17 .38
Long~-run 1.79 1.56 2.90

1The computed acreage and yield elasticities for the
short-run are .04 and .15 respectively, while the leng-run
acreage and yield elasticities are .10 and 1.50,
respectively.,

Table 5. Own-Price Supply Elasticities, Aggregate Farm
Output, U.S5., 1921-1966, Estimated From a
Weighted Average of Input Demand Elasticities,
Tweeten and Quance (1969).

Short-Run 0.26

Long~run 1.52

Table 6. Own-Price Supply Zlasticities, Aggregate Farm
Output, U.S., 1910~1978, Estimated From a
Translog Profit Function, Antle (1984).

Period Elasticity
1910-46 1.349
1947-78 0.427
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Table 7. Own-Price Planted Acreages Elasticities,
Corn, Kentucky, 1960-1979, Estimated From a
birect Supply Function Applied to Sub-State Data,
Reed anu Riggins (1981),

Short-run .34 to .56

Long—runa .93 to 2.07

aLong—run elasticities are calculated by dividing each
elasticity by the adjustment coefficient. This coefficient
is derived from the coefficient of lagged acreage variable.

Table 8. Own-Price Supply Elasticities, Rice, Uu.s.,
1962-81, Estimated Frow Yield and Acreage
Elasticities, Ito, Wailes, and Grant (1985).

Acreage Area
Yield Effect on Yield Harvest Production
(Eyd/p) (Eyd/a) (Ea/p) (Eq/p)
Short~run 0 ~.156 .125 Jd10
Long-run 0 -.156 .369 311

Table 9. Own-Price Supply Elasticities, Wheat Acreage,
U.5., 1948-74, Estimated From a Direct Supply
Function, Morzuch, et.,al. (1980),

Commodity Model A% Model B2
Spring Wheat 0.77 0.90
Winter Wheat 0.45 0.32
All Wheat Combines 0.52 0.46

Models A and B are explained in the text, p. 40.



Table 10,

Own-Price Per Capita Supply Elasticities, Wheat,
Corn, Soybeans, U. S., 1969-1977, Estimated From
a Direct Supply Function, Chambers and Just
(1981).

Commod ity Elasticity with Elasticity with
Respect to Respect to Support
Deflated Lagged Price
Average Price

Wheat 498 487

Corn .555 443

Soybeans 641 .358

Table 1l. Own-Price Supply Elasticities, Agricultural

Products, U. S., (North and South Dakota),
1950-70, Estimated From a Translog Profit
Funcrion, Weaver (1983).

Commodities North Dakota South Dakota
Food Grains .400 .789
Feed Grains .735 .h38
Livestock .555 1.011
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Table 12. Implied Oun-Price Supply Elasticities, Texas
Field Crops, U. S., 1957-79, Estimated From a
Normalized Quadratic Profit Function, Shumway

(1983).

Cotton .25
Sorghum .62
Wheat .43
Corn .07
Rice .72
Hay .10
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Table 13. Own-Price Output Supply and Input Demand Elasticities (Eetimated at 1978 Prices), Various Agricultural Outputs and Inputs, U. S.,
1946-1979, Estimated From A Normalized Quadratic Profit Function, Saez ond Shumway (19B8S).

REGION

1 L1
Oucput/ North Lake Corn Harthern Appa~ South Delta Tenas Hountain Pacific u. 5. u.s.
Input Fast States Belt Plains lachis East Scatee Cklahowa
LIVSTR «0G.4%6 -0.329 0.006 0.432 0.122 0.101 0.154 -0,199 0.419 -0.253 -0.020 ~0.040
FEEDCR 0.12% 0.022 0,01} 0.098 0.242 0.26% =4.351 -0.030 =-0.137 0.219 0.032 0.016
FOODGR 0.282 0.004 0.628 ~0.098 b/ a/ 0.014 0.057 0.008 0.223 0.048 0.008
COTTON e/ e/ 1.494 ¢/ -0.,018 =-0.18% 0.456 0.377 0.596 0.405% 0.404 0.302
OLLCROP a/ 0.220 0.053 0.545 -0.002 0.011 ~0,365 0.019 a/ a/ 0.016 =-0.006
HAYFOR .43 1.438 3.052 ~3.248 ~0.097 0.224 ~0,580 0.338 0.222 0.71 0.587 0.383
TOBACCO =0.531 s/ a/ c/ -0.302 1.351 c/ c/ c/ c/ ~0.042 -0.107
VEGFRY -0.271 -0.167 0.190 0,264 0.196 -0.356 -0.732 0.134 -0.112 =0.160 ~0.184 «0.201
AGRCHEM 0.240 =0.027 =0.373 0.011 ~0.056 ~0.057 -0.,237 -0.3%3 -~0.329 «0.477 ~0,4627 -
FSL ~1.066 0.068 0.250 =0.41% -0.521 =-0.195 -0.101 0.151 -0.208 -0.268 ~0.182 —
MPHCH -0,132 0,140 =-0.13 0.05% 0.163 0.578 =-0.00} 0.535 ~0.02) 0.3%8 0.11) -~
TXINT =-0.008 0.075 =0.126 -0.192 -0.307 =0.108 ~0.061 -0,069 0.210 0.000 =0.068 -~
HLABOR ~0,320 =0.148 =-0.086 ~0,30 =0.306 -0.892 ~-1.394 -0.8B3 ~-0.209 -0.839 ~0.543 -
MISCEL ~0.084 =0.466 0.794 ~-1,217 «0.954 ~0.850 -2.164 ~1.692 0.420 -0.287 ~0.480 —
a/ Product wes included with vegetable-fruit-sngar crops, due to its osmsll share in the rariom.
a/ ¥Food Grains were aggregated with Feed Graino; the former repressnts s emall share in ".e region.

H Comecdity is not produced in the regica.
lAnluLin; ozugenous input prices (infinitely elastic input supply curva).
2Calculatcd after adjusting for upvard-sloping input eupply functions.

aov Codas: LIVSTK is livestock quentity, FEEDGR is foed graino quentity, FOODGR is focd grains quantity, COTTOR is cotton quentity, OILCROP is
oll crope quantity, HAYFOR {s hay-forage quantity, VEGFRT is vegatable-fruit~sugar crops quantity, TOBACCO is tobacco quantity,

AGRCHEM is egricultural chemicals quentity, F5L is !acd--cod-llvegtoek purchaoces qunngizy. NPMCA is mechenical power-—machinary
quantity, TXINT is taxes-intersst quantity, HLABOR ic hired labor quantity, and MISCEL is miscellaneous input gquantity.
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Table l4. Own-Price Supply Elasticicies, Various Aricultural Commodities, U, S,, Estimated From Direct Supply Functions,
By Various Authiors, Reported in Askeri and Curmnings (1976),

Short-Run Long-Run
Crop Region Period Author Elasticity Elascicity
Wheat United States 1867 - 1914 Fisher and Temin 0.11° 0.80%
(17 States) a a
1874 Cooley and DeCanio 0.12a 0.18
1914 Cooley and DeCanio 0.08 0.11
United States 1909-32 Nerlove 0.47 to 0.93 -
Barley 1909-32 Brandow 1,32 -
Maize 1909-32 Nerlove 0.9 to 1,02 -
Lima Beans b Nerlove and Addison 0.10 1.70
Snap Beans b Nerlove and Addison 0.15 c
Peas b Nerlove and Addison 0.31 4,40
Soybeans United States 194666 Houk and Subotuik 0.84 —
(Lake States) 1946-66 Houk and Subotnik 0.91 -—
(Corn Belt) 1946-66 Houk and Subotnik 0.50 -
(Plains States) 1946-66 Houk and Subotnik 2.10 —
(Delta States) 1946-66 Houk and Subotnik 0.75 -
(Atlantic States) 1946-66 Houk and Subotnik 1.70 to 3.30 -—
Cotton (10 States) 1883 ~ 1914 DeCanio 0.13 ro 0.24 0.23 to 0.85
(10 States) 1874 Cooley and DeCanio 0.08 to 0.29 0.17 to 0.60
(10 States) 1914 Cooley and DeCanio 0.06 to 0.33 0.08 to 0.60
(Southeast) 1905-32 Brennan 0.33 -
(Delta) 1905-32 Brennan 0.31 -
(Southwest) 1905-32 Brennan 0.37 -
United States 1909-932 Nerlove 0.20 to 0.67 -
Eggs . 1927-57 Jones 0.42d 1.35
Milk 1931-54 Halvorson 0.03e -
1921-54 Halvorson 0.la -
1927-57 Halvorson 0.13 to 0.17 0.40 to 0.44
1941-57 Halvorson 0.18 to 0.3 0.15 to 0.89
1958-68 Prato 0 ol
Wool 1948-65 Witherell 0.16fto 0.15 0.32 to 0.35
Pork 1924-37 Dean and Heady 0.46 -
1924-37, Deen and Heady 0.28% -
1937-56h Dean and Heady 0.60x -—
1938-56 Dean and Heady 0.30 -—
1961-72 Meilke, Zwart, and Martin 0.24 0.48

*Median value

bNerlove - Addison time periods variously begin between 1919 and 1929, and all end in I 5
cInfinite value indicated

dSuuner production

*Winter production

fSpring farrowing

Brall farrowing

Pouiteing 1942 to 1944



Table 15. Own-Price Supply Elasticities, Agricultural Products, U.S.,
1976, Calculated From Area and Yield Elasticities as
Reported in the 1978 GOL Model, Rojko, et.al. (1978).

Area Elasticity Yield Elasticity Total
With Respect to With Respect to Supply
{Own) Price (Own) Price Elasticity

Wheat 2.5 .05 2.55
Rice .8 .10 .90
Coarse grains 2.3 .10 2.40
0il seeds 3.25 .02 3.27
Beef - -— .30
Pork - - .50
Poultry - - .90
Milk - - .40
Cheese -— - .60

1 . . .
These elasticities are with respect to trade prices.
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Table 16. Own-Price Supply Elasticities, Agricultural Products, U.S.,
1960-80, Estimated From a Direct Supply FunctioT as
Reported in the 1985 GOL Model, Liu and Roningen (1985).

2
Current Supply Lagged Supply Total Supply

(Own) Price (Own) Price (Own) Price

Elasticity Elasticity Elasticity
Wheat .05 .20 .25
Corn .05 .04 .09
Coarse Grains .05 .04 .09

(other than corn)

Rice .05 .11 .16
Soybeans 05 .05 .10
Other Oilseeds .05 .20 .25
Beef and Veal .06 -.05 .01
Pork _ -.05 .10 .05
Mutton and Lamb -.02 .07 .05
Poultry - Meat .08 .16 .24
Poultry - Eggs .06 .02 .08
Dairy - Butter .05 -- .05
Dairy - Cheese .05 17 .22
Dairy - Other Products .05 - .05
Cotton .05 .20 .25
Sugar .05 .02 .07

1 L . .
These elasticities are with respect to world trade prices,

Total supply elasticity is calculated as the summation of
current price and lagged price supply elasticities.
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Table 17. Own-Price Supply Elasticities, Agricultural Products, U. S.,
1960-80, Estimated From a Direct Supply Function or Gathered
From Elasticities Reported in the Literature, Tyers (1983).
Coarse Ruminant Non~Ruminant
Rice Wheat Grains Meat Meat
a a
Short=Run .35 .45 .40 .13 .33
Long-Run .75 .80 .75 .50 .81

a .l .
Short-run supply elasticities are the summation of
elasticities with respect to one- and two-perind lagged prices.

Table 18, Own- and Cross-Price Output Supply and Input Demand Elasticities,
Agricultural Products and Inputs, Canada, 1971 Cross-Section Data, 1
Estimated From a Generalized Leontief Profit Function, Lopez (1984)°.
Price of
Animal l,and and Hired Operator and Farm
Crops Products Structure Labo. Family Labor Capital
Crop Products .012 .023 .059 ~-.002 -.072 -.022
Animal Products .012 472 -.050 -.240 -.102 -.091
Land and
Structures -.212 .335 -.362 .255 -.051 .035
Hired Labor .009 1.264 .260 -1,240 -.268 -.025
Operator and
Family Labor .026 .069 -.005 -.026 ~.065 .002
Farm Capital 154 1.36 .078 -.054 .037 ~-1.575

1 Co . -
Elasticities are evaluated at mean values of prices ana quantities,
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Table 19. Own-Price Compensated Output Supply Elasticities,

Agricultural Products, Canada, 197! Cross-Section
Data, Lopez (1984)

Crop Products .007

Animal Products .098

Table 20. Own-Price Supply Elasticities, Agricultural Products,
Canada, 1976, Calculated From Area and Yield Elasticities,
Reported in the 1978 GOL Model, Rojko, et.al. (1978).
Area Elasticity Yields Elasticity Total
With Respect To With Respect To Supply
(Own) Price (Own) Price Elasticity
Wheat .50 .15 .65
Coarse Grains .55 .15 .70
Oilseeds 1.00 .20 1.20
Beef —-— - .40
Pork - -- .60
Poultry —-— - .70
Milk - -- .30
Cheese - - .60

These elasticities are with respect to domestic price.
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Table 21. Own-Price Supply Elasticities, Agricultural Products,
Canada, 1960-80, Estimated From a Direct Supply Functioq as
Reported in the 1985 GOL Model, Liu and Roningen (1985).

Current Supply Lagged Supply Total Supply

(Own) Price (Own) Price (Own) Price

Elasticity Elasticity Elasticity
Beef .12 .04 .16
Pork .05 .28 .33
Mutton and Lamb .05 .30 .35
Poultry and Meat .05 .00 .05
Wheat .05 .01 .06
Corn NA* NA> NAX
Coarse Grains .05 .20 .25
(other than corn)
Soybeans .05 .20 .25
Other Oilseeds .05 .04 .09
Dairy - Cheese .05 .10 .15
Dairy - Other Products .70 - .70
Cotton .05 - .05
Sugar .05 .02 .07

NA¥*: Not available.

l . . ,
These elasticities are with respect to world prices,
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Table 22. Own-Price Supply Elasticities, Agricultural Products, Canada,
1960-80, Estimated From a Direct Supply Function or Gathered
From Elasticities Reported in the Literature, Tyers (1983).

Coarse Ruminant Non-Ruminant
Wheat Grains Meat Meat
a
Short-Run .33 .52 .17 .31
Longz~Run .53 .68 40 .84

a . . C e
Short-run supply elasticities are the summation of elasticities
with respect to one- and two-period lagged prices.
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Table 23. Cwn-Price Supply and Price Transmission Elasticities, Agricultural Output, Canada,
1961-76, Reported in the IIASA Model, Seeley (1985).

Elasticities with Respect to World Price Supply Price
Transmission Elasticity
Product 2 Y=ars 4 Years 6 Years 10 Years 2 Years 10 Years
Wheat .50 .57 .51 .43 1.12 1.12
Coarse Grains .25 .34 .35 .37 1.00 1.00
Protein Feed .18 .28 .32 .34 1.51 2.37
Ruminant Meat .23 .27 .30 .34 .64 .54
Dairy .05 .07 .08 .08 .11 .09

Other Animal Products .13 .19 .19 .21 41 .25




Table 24. Calculated Own-Price Supply Elasticities with Respect to Domestic
Prices, Agricultural Output, Canada, 1961-76, Calculated From
The World Price Supply Elasticities and Price Transmission
Elasticities Reported in the IIASA Model, Seeley (1985).

Elasticity with Respect to Domestic Price

Product Short-Run Long-Run
Wheat <45 .38
Coarse Grains .25 .37
Protein Feed .12 .14
Ruminant Meat .36 .63
Dairy .45 .8¢
Other Animal Products .32 .84
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Table 25. Own-Price Supply Elasticities, Agricultural Output, Canada,
1961-76, Estimatelerom the Revised IIASA Model, Frohberg

and Kromer (1985).

Inguts Constant

Inputs Variable

Product 1 Year 2 Years 1 Year 2 Years
Wheat .695 .635 .856 .798
Rice -.175 -.176 -.169 -.168
Coarse Grains .822 776 .814 .779
Bovine and Ovine Meats 274 .269 .438 .455
Dairy Products -.054 -.064 -.059 -.058
Other Animal Products .356 353 .593 .624
Protein Feed .408 . 349 410 .395
Other Food .399 .385 .497 .499
Non-Food Agriculture .218 214 .256 .258
NoﬁFAgriculture .0 .0 .009 .010

1 .o . . .
These elasticities are point elasticities.

2"1 year" refers to the supply respomse after one year.

32 years" refers to the supply response after two years.
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Table 26. Own-Price Supply Elasticities, Various Agricultural Products, Canada,
Estimated From Direct Supply Functions, By Various Authors, Reported in
Askari and Cummiungs (1976).

Product Region Period Author Short-Run Long-Run
Elasticity Elasgticity
Wheat Canada 1947-66 Schmitz 42 to .75 .62 to 1.30
Barley Canada 1947-66 Schmitz 0 0
Flaxseed Canada 1947-66 Schmitz .08 to .19 -
Pork Canada,
(Eastern Provinces) 1961-72 Meilke,
Zwart, & Martin .38 1.12
Pork Canada,
(Western Provinces)  1961-72 Meilke,
Zwart, & Martin .16 .79
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Table 27. Own-Price Supply Elasticities, Agricultural Products, Developed
Countries, 1976, Derived From the Elasticities Reported in the
1978 GOL Model, Bale and “utz (1981).

France W. Germany United Japan
Kingdom
Range of Supply Elasticities

Low High Low High Low  High Low High
Wheat .42 1.28 .42 1.28 47 1.42 .80 2.4]1
Rice - - -- - -- -- .08 .24
Maize .17 .52 .17 .53 45 1.35 - --
Barley W42 1.28 .42 1.28 47 1.42 .80 2.41
Sugar .81 2.44 .43 1.30 .22 .ho .21 .64
Beef .20 .60 .20 .60 .20 .60 .33 .99
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Table 28. Own-Price Supply Elasticities, Agricultural Products, Developad
Countries, 1976, Calculated From Area and Yield Elasticities as Reported
in the 1978 GOL Model, Rojko, et. al. (1978).

EC-6 EC-3 Other Japan Australia & South
Western Europe New Zealand Africa
Wheat .95 .85 .50 .30 .55 .55
Rice .40 - .30 .16 .20 -
Coarse 1
Grains .91 .35 .49 .25 .81 (.60)l
Oilsceds - .02 .20 .43 .45 (.10)
Boe £ .40 .40 .40 .50 .40 -
Pork .70 .70 .50 .70 .30 -
Poultry .70 .70 .60 .70 - -
Mut ton .30 .30 .30 - .20 -
Hilk .35 .35 .30 .80 .40 -
Chicezse .40 .40 .50 —_ 1.00 —

1 . . A .
The use of parentheses in the table indicates trade prices; the absence of
parentheses indicates supply prices.



Table 29. Own-~Price Supply Elasticities, Agricultural Products, Developed
Countries, 1960-80, Estimated From a Direct Supply Func

Reported in the 1985 GOL Model, Liu and Roningen (1985)

Eion as

EC~-10 Other Japan Australia & South
Western Europe New Zealand Africa

Beef & Veal .07 .01 .08 .34 -
Pork .07 .06 «25 - -
Mutton & Lamb .33 .01 .35 .07 44
Poultry-Meat .16 .39 .45 - .35
Poultry-Eggs .14 .19 .36 .25 .35
Wheat .25 .25 .08 .08 -
Corn .25 .23 .29 - .25
Coarse Grains
other than corn .16 .25 .30 .16 -
Rice .25 .09 .15 .10 .05
Soybeans .25 .14 .06 - -
Other oilseeds 25 .23 .25 - -
Soymeal - - ~-— - -
Soyoil - - - .05 -
Other Meals - - - - -
Other Oils - - - .70 -
Dairy-Butter .18 .05 - .05 -
Dairy=-Cheese .23 .33 .35 .05 -
Dairy-Other
Products .40 .22 .05 .53 -
Cotton .12 .25 .27 - -
Sugar 13 .09 .25 .09 .15

1

These elasticities are with respect to world (trade) prices.
Total supply elasticity is calculated as the summation of
current- and lagged-price supply elasticities.
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Table 30.

Own-Price Supply Elasticities, Wheat, Developed Countries, 1976,
Derived Elasticities From the 1978 GOL Model, Sarris and Freebairn
(1983).

EC-9 Other Japan South Australia
Western Europe Africa

Wheat

Short-Run Supply Elasticity

.35 .35 .10 .12 .10
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Table 31. Own-Price Supply Elasticities, Agricultural Products, Developed Countries,
1960-30, Estimated From a Direct Supply Function or Gathered From Elasticities
Reported in the Literature, Tyers (1983).

European Japan Australia
Community

Short~Run Long~Run Short-Run Long-Run Short-Run Long=-Run
Wheat .30 .90 .30 .60 .31 .90
Rice .20 .40 .20 .50 .18 .30
Coarse Grains .403 .91 .30a .60 .20a .60
Ruminant Meat .23 .70 40 .80 .18 .36
Non-Ruminant a a a
Meat .33 1.00 .23 .69 .10 .30

a R . . e .
Short-Run supply elasticities are the summation of elasticities with
respect to one- and two-period lagged prices.
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Table 32.

Own~Price Supply and Price Iranswission Elasticities, Agricultural uutput,
Davelnped Couniries, 1961-76, Zstioated Fros the IIASA Model, Saalay (1985).

froduct

EC-9

Japan Augtralia Hev Zeaaland EC~9 Japan Australia Nev Zealand

—wssemereFlagticitics with Respact to World Price Supply Price Trenmmisnion Clasticitiee—~r—emwe—e

2 Yra" 10 lebz Yra 10 Yra 2 Yre 10 Yre 2 Yre 10 Yrs 2 Yrs 10 ¥Yrs 2 Yrs 10 Yrs 2 Yrs 10 Yrs 2 Yrs 10 ¥Yrs
tihsat W4l 2.60 - - .35 .31 -— — .38 .90 -— — .73 .61 -— -
Coarsa Grains .25 1.18 - -— W4l .68 -— -~ .33 .86 -— - 1.06 1.41 —_ -
Protain Fesd == - - -— — - -— -— -— — — - - -— -— -—

Ruminzot Mest .04 G4 - — -— - .24 .60 .15 .15 - -— -— - 1.00 1.00
Dairy .03 .02 .07 .07 — - .12 A .07 .05 .12 .08 - - - -

Other Animal .27 .20 .16 .20 -— -— .94 .94 .61 7 .81 .52 -— - 1,00 1.00

Products

842 Yrs" refers to the supply response after two years

b"lO yra" refers to the supply response after ten years
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Table 33.

Calculated (wn-Price Supply Flasticities With Respect to Domestic Prices, Agricultural
Output, Developed Countries, 1961~76, Calculated From the World Price Supply Elasticities
and Price Transmission Elasticities Reported in the IIASA Model, Seeley (1985).

Product EC-9 Japan Augtralia New Zealand
Short-Run  Loag~Run Short-Run  Long-Ruo Short-Run  Long=-Run Short=-Run » Long=Run
Wheat 1.08 2.89 - - .47 .51 - bl
Coarse. Grains .76 1.37 -_ - .35 .48 - -
Protein Feed ~- - -— - - — - -—
Ruminant Meat .27 .27 -— —-— - - .24 .60
Dairy 43 .40 .58 .88 — - .12 .34
Other Aniual G .54 .20 .38 - - .94 94
Products
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Table 4,

Own-Price Supply Elasticities, Agricultural Output, Developed Countries, 1961-76, Estiwated Prom the

Revised IIASA Modal, Frohberg and Kromer {1985).

Product Austria Japan Australia EC Austria Japan Australia
M lnputs Conatant Inputs Vuriable
1 ¥r~ 2 Yrs 1¥r 27%¥re 1 ¥r 2 Yre 1 ¥r 2 Yrs 1 Yo 2 Yrs 1Yr 2 Yrs 1 Yr 2 Yo 1¥r 2 Yr
Wheat .53 .52 .80 .78 W40 L40 .48 42 1.06 1.09 1.29 1.41 .43 N .69 .64
Rice .63 .59 -.06 -.06 .23 .23 .90 .89 1.49 1,49 -.06 -.06 .29 .31 .94 .94
Coarse Greins .43 A .56 .55 .38 .30 .57 54 .90 .93 .66 .66 .38 .38 .85 .84
Bovine and :

Ovine Meats ,26 .26 .54 .53 .07 .06 .07 .07 .59 .62 .61 .61 .07 .07 1 1
Dairy Products .35 .33 .64 .61 .78 T4 W41 .41 .79 .82 14 .13 2 JTb b Lol
Other Anjimal

Products .60 L4l .61 .63 .20 .18 .64 .63 .63 .66 .75 .19 .22 .54 .66 .66
Protein Feed .05 .05 .00 .00 .36 x) .00 .00 .04 .04 .00 .00 .35 .35 .00 .00
Other Food WAl 40 .34 <3 .29 .29 A3 o .75 .78 .49 .52 .34 .35 .53 .54
Non~Food

Agric. .17 .16 .07 .07 .21 .21 .06 .06 .21 W21 .07 .07 .23 .23 .10 .11
Hon-Agric. .00 .00 .00 .00 .00 .00 .00 .00 .16 .17 .07 .08 .01 .02 .00 .00

."l

bllz

Yr' refers to tho supply recponse after one yuar

Yrs" refers to the supply response after two years
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Table 35, Own-Price Supply Elasticities, Agricultural Output, Developed Cnuntries,
Estimated From Direct Supply Functions, Reported in Askari and Cummnings (1976).
Product Region Period Author Short~Run Long~Run
Elasticity Elasticity
Wheat Japan 1910-41 Mangahas, Reeto + .01 to .26 + .02 to 1.16
France 1946-61  OQury + .63 -
United Kingdom 1924-3%  Jones + .33 to .41 + .46 to .98
United Kingdom 1955-66 Colman + .17 ——
United Ringdom
(Spring Wheat) 1955-66 Colwan + .41 -
Argentina 1948-65 Freire + .57 —--
Australia 1947-64  ®owell & Gruen + .18 + .85
Nev S, Wales
(0ld Districte) 1947-62 Duloy & Watson + .33 to .47 + .66 to 1.07
Nev S. Wales
(Nev Districts) 1947-62 Duloy & Watson + .16 to 1.13 - .i3 to .795
New Zealand 1945-65 Guise + .96 +1.58
Barley United Kingdom 1924-39  Jones + .57 to .63 +1.75 to 2,71
United Kingdom 1955-66 Colman + .57 -
Oats United Kingdom 1924-39  Jones + .11 + .16
United Ringdom 1955-66 Colman +1.56 -
Feod Grains France 1946-61  OQury + .77 -
Australia 1947-64  Powell & Gruen + .14 + .81
Vegetables United Kingdom 1924-58  Jonen + .32 +1.45
United Ringdom  1946-57  Jones + .30 + .94
Eggs United Kingdom 1927-39  Jones + .28 to .57 +1.17 to 1.36
United Kingdom 1955-63  Jones + .55 +1.66
United Xingdom 1954-66 Robertson +1,52 +2.42
Hilk Austrelia 1947-64  Powell & Gruen + .19 + .42
Ireland 1951-68  Buttimer & MacAirt + .25 to .30 -—
Ireland 1953-70  Buttimer + .37 -
United Kingdom 1924-58  Jones + .06 t 46
United Kingdom 1955-64  Jones + .17 to .23 .27 to 1.05
United Kingdom 1965-~70 Hill .10 -
United Kingdom 1957-68 Gardner & Walker .22 L6
United Kingdom
Wales 1948-58  Gardner .13 1.42
Beef Australis 1947-64  Powell & Gruen .16 --
United Kingdom 1924-58  jones .10 to .38 above +1.00
Hest Germany 1951-64  Jones - 1.06
Ireland 1953-70 Buttimer .11 -
Lamb Australia 194764 Powell & Gruen .32 1.38
United Kingdom 1907-58  Jones .30 .31
United Kingdom 1955-64  Jones .28 to .50 .51 to 4.00
Pork United Kingdom 1924-39  Jones .65 3.61
United Kingdom 1949-58  Jones .40 above 2,00
Canada 1961-72  MHeilke, Zwart .38 1.12
(E. Provinces) & Martin
Cenada 1961-72  Meilke, Zwart + .16 - .79
(W. Provinces) & Martin
Poultry United Kingdom 1927-39  Jones + .69 -
United Kingdom 1960-64  Jones +1.,00 +2.50
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Table 36. Own-Price Supply and Input Demand Elasticities, Aggregate
Output and Labor, India, 1955-56 (1956~57 in Some Cases)
Cross-Sectional Data, Estimated From & Cobb-Douglas Form
Indirect Profit Function, Lau and Yotopoulos (1972).

Elasticities with Respect to Price of

Quantity Output Labor

Output 1.166 ~-1.166 (with respect to

normalized wage rate)

Labor 2,166 -2.166 (with respect to

nominal wage rates)
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Table 36-A. Estimates of Own-Price and Non-Price Supply Elasticities, Aggregate
Fara Output, Indie, 1960/61 -~ 1977/78, Estimsted From Direct Supply
Functions, Ajay Chhibber (1982).

Method No. Shift Variatles With Shift vVariables
Area Irrigated by Govarnment Canals Total Irrigated Area
8=-R L-R S-R L-R S-R L-R

Elasticities With Respect to Price

Nerlovian - 1.25 — .07 -— .06
(Adaptive Expectations) (3.57) ( .55) ( .68)
Rational Expectations -— - .12 .21 .11 .18
(.95) ( .82) (1.22) (1.10)
Chhibber's Model Elasticities With Respect to Price & Other Variableg—e—-=swme-x
Elasticities with Respasct to:
Price - - ' 297 .455 .198 .285
(2.,05) (2.21) (1.91) (2.06)
Non-Price Shifter == - .274 .420 413 594
(8.60) (5.49) (12.53) (7.93)
Rainfall . .79 .75
(8.84) (11.25)
Adjustment Coefficiant (d) .652 .695
(7.80) (9.54)

*
Figures in parenthesis are t- ‘alues.
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Table 36-B.

Own- and Cross-Price Supply Elasticities of Variable Inputs and Elasticities

with Respect to Fixed Inputs and Education, Wheat (Mexican Varieties), Indian
Punjab, 1970-71 Cross-Sectional Data, Estimated From a Cobb-Douglas Form
Indirect Profit Function, Sidhu and Baanante (1979).

Elasticities with Respect to

Price of Price of Price of Price of Land Capital Education
Wheat Labor Fertilizer Irrigation
(P) (PN) (P) (p.) (L) (K) (E)
F I

Wheat Supply W 0.710 -0.441 -0.161 -0.108 0.744 0.256 0.030
Labor N 1.710 ~1.441 -0.161 -0.108 0.744 0.256 0.030
Fertilizer F 1.710 -0.441 ~-1.161 -0.108 0.744 0.256 0.030
i rigation 1 1.710 -0.441 -0.161 ~1.108 0.744 0.256 0.030
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Table 37. Derived Elasticity Estimates for Output Supply and Demand for Variable Inputs
Whe?t (Mexican Variaties), Indian Punjab, 1970—71 Cross-Sectional Data ’
E§t1mated From Translog and Cobb-Douglas Form Indirect Profit Function ’
Sidhu and Baanante (1981) ’

Price of Organic
Pricec of Price of Price of Animal Soil Soil
Wheat Labor Fertilizer Power Capital Land - Soil pH Carbon (P + K) Education Iirigation
Derived from Parumeter Estimates of the Trunslog Profit Function:*
Wheat supply 0.6337 -0.2672¢ -0.2513¢ -0.1151¢ 0.1933¢ 0.6951° -0.2160¢ 0.0929 -0.0324 0.0874° 0.5641*
(7.797) 15.462) (4.376) (3.0%) (3.978) (34.550) (4.309) (0.836) 0.07%) (5.269) (12.005)
Labor 1.1269 ~0.6554¢ -0.2356 —0.1958¢ 0.0932 0.8311* -0.4329 0.1293 -0.0175 0.0977¢ 0.8584
(31.562) (4.511) (1.221) (2.800) (0.429) (23.790) (0.646) (0.668) (0.008) (3.667) (11.135)
Fernilizer 2.4855 -0.5534 -~1.8829¢ ~0.0531 0.1312 0.9522° —0.4649 0.0112 -0.1870 0.1338* 0.7223¢
(1.311) (1.221) (3.387) (0.142) (0.595) 21.319 (0.525) (6.002) (0.667) (8.707) (5.256)
Animal power 0.8060° ~0.3249¢ - -0.0375 ~0.4434° ~0.5219 1.2407 0.1946 =0.1566 0.1840 0.2381° 0.0076
(43.999) (2.800) (0.142) (4.439; (4.677) (18.115) (0.046 (0.299) (0.266) (8.327) (0.000)
Cobb-Duuglus Case:
Wheat supply 0.783® -0.402 -0.173* -0.208 0.297 0.649° -0.7iP 0.170 0.02¢ -0.029 0.585®
Labor 1.783» —1.4020 -0.173% -0.208° 0.297 0.649° -0.717 0.170 0.026 -0.023 0.58s>
Fentilizer 1.783" -0.40° -0.173° -0.208° 0.25 0.649 -0.71P 0.170 0.025 -0.029 0.535*
Animal power 1.783° —0.442° -0.173* -1.208° 0.297® 0.649° =071 0.170 0.026 -0.029 0.585*

* Using equations (6), (8), (i1). (13). (14). (21). and (23), and simple averages uf input §, ratios. F-valucs in parentheses: Foo(l, 246) = 2.71; Fuall, 246) = 3.88.
* Significant at 0.03 level.
¢ Siznsficant at 0.05 level.
¢ Significant at 0.10 level.

Source: Sidhu and Baanante, 1981, p. 243.



Table 38. Own~Price Output Supply Elasticities, Wheat (Mexican
Variety) and Hybrid Bajra, Delhi Union Territory of India,
1968/69 - 1975/76 (Small and Large Farms), Estimated From a
Cobb-Dou-,las Form Indirect Profit Function, de Janvry and
Kumar (1981), and Askari and Cummings (1977), Estimations
Are From Direct Supply Functions,

Estimaces of Own-Price Supply Elasticities
Author Short-Run Long~-Run

de Janvry and Kumar .25 (small ferms)
.24 (large farms)

Askari and Cummings .18 31
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Table 39 Own- and Cross-Price Output Supply and Input Demand
Elasticities, Wheat, Fertilizer and Labor, Delhi Union
Tervitory of India, 1968/69 - 1975/76 (Small and Large
Farms), Estimated From a Cobb-Douglas Form Indirect Profit
Function, de Janvry and Kumar 1981,

Elasticities Small Farms Large Farms

Wheat Output Supply Response to:

Wheat Price .25 24
Normalized Fertilizer Price -.11 ~.08

Normalized Wage -. 14 -.16

Fertilizer Demand to:

Wheat Price 1.24 1.24
Normalized Fertilizer Price -1,11 -1.08
Normalized Wage ~0.14 -0.16

Labor Demand Response to:

Wheat Price 1.24 1.24
Normalized Fertilizer Price -0.11 -0.08
Normalized Wage -1.14 ~1.16

165



Table 40, Own- and Cross-Price Elasticities, Kharif Rice Output and
Variable Inputs, Coimbatore District of India, 1977/78
Cross-Sectional Data, Estimated From a Cobb-Douglas Form
Indirect Profit Function, Kalirajan and Flinn (1981).

Price of =—=——wmeea Normalied Price of~w=———aea—e
Rice Labor Fertilizer Pesticide Bullocks

(a) Exotic Modern Variety

Rice 1.96— -.57 -1.20 ~-.07 ~.12
Labor 2.96 -1.57 -1.20 -.07 -.12
fertilizer 2.96 -.57 -2.20 -.07 -.12
Pesticides 2.96 -.57 -1.20 -1.07 -.12
Bullocks 2.96 -.57 -1.20 -.07 -1.12
(b) Locally-Bred Variety
Rice 1.32 -.46 ~-.73 -.06 ~-.07
Labor 2.32 -1.46 -.73 -.06 -.07
Fertilizer 2,32 -.46 ~1.73 -.06 -.07
Pesticides 2.32 -.46 ~-.73 -1.06 -.07
Bullocks 2.32 -.46 ~.73 -.06 -1.07

1 . . .
The underlined figures represent own-price output supply and
input demand elasticities.
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Table 41. Own-Price Supply Elasticities, Rice, Various Developing
Countries, 1962-81, Estimated From Yield and Acreage
Flasticities, Ito, Wailes and Grant (1985).

Acreage
Effect Area
Yield on Yield Harvested Production
Countries Eyd/p Eyd/a Ea/p Eq/p
———————————————————— Elasticities=~=——mmmomea e
S-R L-R S-R S-R L-R S-R L-R
Bangladesh . 049 . 049 .0 .011 ,022 . 060 ,072
Burma .0 .0 .0 .043 .043 043 .043
India .156 .156 .0 .027 .060 .183 .216
Indonesia 094 . 259 .0 .074 074 .168 .343
South Korea . 396 . 396 .0 .051 071 447 467
Pakistan .0 .0 .0 .091 . 389 091 . 389
Philippines .197 . 355 .0 116 .116 313 471
Thailand .0 .0 .0 .337 1.620 . 337 1.620
Taiwan .119 .119 -.67 .059 .1159 .138 171
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Table 42, Own-Price Yield, Area, and Total Production Elasticities,
Rice, Sri Lanka, 1955-79, kstimated From Yield and Acreage
Elasticities, Bogahawatte (1983),

Yield Area To:al1

Wet Zone

Mahaa .3863* .0223 .4086

Yala A4751% .0097 L4848
Dry Zone %

Maha L1765 .1333 .3098

Yala .2529 .1463 .399?2

1

Total elasticity is calculated as the summation of yield and
area elasticities. However it should be noted that yield elasticities
are with respect to GPS (ratio of guaranteed price of paddy to average
weighted guaranteed price of subsidiary food crops), while yield
elasticities are with respect to Pt-l (GPSt—l/PF where Pfis
the average price of NPK fertilizers).

2Maha season refers to the paddy crop which is sown in the
months of July to November and harvested in February to March of the
following year.

3Yal.a season refers to the crop which is sown in the months of
April to June and harvested in August to September.

*The relevant coefficient is signiciant at 5 percent level,
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Table 42-A. Elasticities of the Probabilities of Planting
HYVs at the Sample Means, Rice, Indonesia, 1971
Cross-Sectional Data, Estimated From a Translog
Profit Function, Pitt (1983),

Exogenous Variables Estimates
Rice Price 0.911a
(4.28)
Fertilizer Price -0.911
(4.28)
Irrigation 1.457
(4.05)
Area -0.103
(2.44)

a . .
Approximate t-values are in parentheses.

Table 42-B. Own=-Price Supply Elasticities, Rice, Indonesia, 1968-77,
Estimated From Direct Supply Functions, Nainggolan and
Suprapto (1984).

Acreage Yield Total Production
Short-run .034 .127 0.161
Long~run .036 .128 0.164
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Table 43. Acreage Elasticities With Respect to Gur/Wheat Relative
Price, Suga.cane, India, Uttar Pradesh (Various Regions and
the State as a Whole), 1950-51 to 1974/75, Estimated From a
Nerlovian Type Direct Supply Function, Lal and Singh

(1981).
Region/State Short Run Long—-Run
Western Region . 604%% 2.207
Eastern Region . 235% 0.699
Central Region 317% 0.721
Uttar Pradesh 415% 1.600

**Significantly different from zero at 1 per ceant level.

*Significantly different from zero at 5 per cent level,

170



Table 44. Own-Price Supply Elasticities, Major Agricultural Crops, Pakistan (as a
Whole and Punjab and Sind Provinces), 1962/63 to 1982/83, Estimated From
a Nerlovian Type Direct Supply Function or From Consensus Estimates,

Tweeten (1985).

Commod ity
and Pakistan Punjab Sind
Component Short-Run Long-Run Short-Run Long-Run Short-run Long-Run
Cotton
Avea (A) .10 .54 .07 .32 .16 .32
Yield () 225 49 226 52 L0 .28
Production (AY) .35 1.03 .33 .84 .26 .60
Production (direct) .44 .88 b .89 .67 1.33
Consensus judgmeuts .30 1.00 - -- - -
Sugarcane
Area (4) .36 .70 .25 1.51 .11 42
Vield (1) 212 226 220 237 A1l .19
Production (AY) .48 .94 .45 1.88 .22 .61
Production (direct) .44 44 .53 .53 - -
Consensus judgments .30 .90 - -- -- -
Rice
Area (A) .09 43 .18 .37 .05 .09
Yield (V) 212 223 208 A5 L2 45
Production (AY) .21 .66 .26 .52 .27 .54
Production {direct) .22 W45 .27 .54 .31 .62
Consensus judgments .20 .60 - - - --
Wheat
Area (A) .07 .27 .07 .29 .25 .59
Yield (Y) .07 .13 .06 .12 .10 .21
Production (AY) A ) 13 W4l .35 .80
Froduction (direct) .18 .27 .20 .21 .13 .34
Consensus judgments .15 .40 - - - -
Miscellaneous (other) Crops
Area (A) - - - - - -
Yield (Y) - - - - - -
Production (AY) - - - - - -
Production (direct) - - - - - -
Consensus judgments ,15 .50 - -- - --
Livestock and Livestock Products
Area (A) - -- - - - -
Yield (Y) - - - - - -
Production (AY) - - - - - -
Production (direct) .l4 .28 - - - --
Consensus judgments .15 .50 - - -~ --
Aggregate Qutput
Area (A) .16 .31 - - - -
Yield (Y) .23 46 - - - -
Productior (AY) 39 77 - —_— _— _—
Productiorn. (direct) .18 .35 - - - -
Consensus judgments .15 .60 - - - -
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Table 45. Own- and Cross-Price Elasticities and Elasticities with Respect to the
Fixed Inputs, Aggregate Farm Qutput, Taiwan, Cross-Sectional Data for

1967 and 1968, Estimated From a Cobb-Douglas Form Indirect Profit
Function, Yotopoulos, Lau, and Lin (1976).

———————————————————— Price of-----=--==—w--ee—ee——_Quantity of Quantity of
Qutput  Labor Animal  Mechanical Fertilizer Capital Land
Labor Labor
Qutput 1.2477 -0.9798 -0.0356 -0.0017 -0.,2306 0 0702 0.9298
Labor 2.2477 -1.9798 -0.0356 -0.0017 -0.2306 0.0702 0.9268
Animal
Labor 2.2477 -0.9798 -1.0356 -0,0017 -0.2306 0.0702 0.9298
Mechanical T
Labor 2.2477 -0.9798 -0.0356 -1.0017 -0.2306 0.0702 0.9298
Fertilizer 2.2477 -0.9798 -0.0356 -0.0017 -1.2306 0.0702 0.9298
Table 46, Own-Price Supply Elasticities, Various Agricultural

Estimated From Duality Approach, Strauss (1984).

Products, Sierra Leone, Cross-Sectional Data for 1974/75,

Product

Own—-Price

Supply Elasticity

Rice

Root Crops and Other Cereals

Oils and Fats

Fish and Animal Products

Miscellaneous Foods

.11

.10

.02

.09

.15
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Table 47. Acreage Response Elasticities With Respect to Real
Producer Prices, Cocoa, Nigeria, 1¥37-5%, Estimated From a
derlovian Type Direct Supply Function, Oni and Olayewi

(1974).

—————————— Acreage Elasticity———————=--
Provinces Pt—l Pt—2 Total
Ondo 0.2142 0.4824 0.6966
Oyo 0.5950 0.4950 1.0900
Ibadan 0.1379 0.3251 0.4630
Abeokuta 0.6292 0.3554 0.9846
Ijebu 4,2792 1.4627 5.7419
Colony 0.2413 1.5440 1.7853
Aggregate for Western Nigeria 0.4526 0.4617 0.9143

Table 48. Own-Price Supply Flasticities, Cocoa, Ghana, Various
Provinces, 1946-62, Estimated by a Nerlovian Type Direct
Supply Function, Bateman (1965).

Regionl Cocoa Price Total Supply Response2
Pt-K Pt-s
Central . 19 .25 v
Western .35 .36 .71
Volta .32 .29 .61
Eastern —— .32 .32
0ld Ashanti 12 30 W42
Sunyant 47 .40 .87

Goaso was eliminated because of the poor regression results.

Total supply response is calculated as the sum of the two
price elasticities,
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Table 49. Own-Price Supply Elasticities and Partial Ad justment
Coefficients, Various Agricultural Products, Keneya,
1964-79, Estimated From a Nerlovian Type Direct Supply
Function, USDA, FAER No. 194 (December 1983).

Short-Run Coefficient of Lagged Long-Runc
Product Elasticity Dependent Variable Elasticity
Maize .534 . 194 .663
Wheat 1.506 .633 4.104
Rice 484 .645 1.363
Marketed:
Maize 1.149 1,213 -5.394

a . e
Elasticities were calculated at the mean values.
The relevant prices for maize and wheat are government
announced prices prior to planting in each year. For rice, the

elasticities are with respect to actual prices received by producers.

c Ce
Long-run elasticities are calculated as short-run
elasticities divided by one minus the partial adjustment coefficient.
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Table 50. Own-~Price Supply Elasticities and Partial Adjustmeut
Coefficients, Various Agricultural Products, Tanzanlia,
1964-78, Estimated From a Nerlovian Typg Direct Supply

Function, USDA, FAER No. 194 (December 1983),

Short-Run

Coefficient of Lagged Long~-Run

Product Elasticity Dependent Variable Elasticityc

Maize .359 .849 2.377

Wheat .989 .673 3.024

Rice 426 1.177 -2.407
Marketed:

Maize 2.290 .918 27.927

Rice 2.290 1.077 29.740

a . ..
Elasticities were calculated at the mean values,

The relevant prices for Maize and Wheat are
announced prices prior to planting in each year,

c .
Long-run elasticities are calculated as short-run
divided by one minus the partial ad justment coefficient.

government

elasticities

Table 51. Estimates of Own-Frice Supply Elasticities, Aggregate Farm

OQutput,

Pooled Cross-Sectional (53 Developed and

Developing Counties) and Time-Series (1962-64 and 1968-70
averages), Estimated From a Direct Supply Function, Willis

Peterson (1979).

Research Research

Omitted Included
Ordinary Least Squares 1.65 1.25
Instrumental Variables l1.66 1.27
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APPENDIX III.
OWN-PRICE SUPPLY ELASTICITY,
UNITED STATES



Appendix ITl, Own-Price Supply Blasticity, United Stetas

Hethod of Short=-Run Long=-Run Other
Crop Reglon Period Author Ertimscion Elasticity Elascicity Covenents
Agsregate Farm OQutput U, 8. 1911-9 Celllches 1) .28 to .20 1.20 to |.32
1920-57 Celllches 08 .10 W13
1921-66 Tveeten & Quance DS W16 A9
1921-41 & Quanca 05 .08 el
194866 & Quance DS .16 I
1921-66 & Quance L .25 1.19
1921-66 & Quance ID .26 1.52
1910-46 14 L33 -
1947-78 44 4 -
Livestock snd Livestock Froducts u, 8, 1911-58 Crlllchee 0s 2 to ) .10
Livestock 1921-66 Tvestan & Quance L .38 .90
H. & 8. Daknta 1950-70 T .36 to 1.01 -
VYarious U. 3. Regione 1946-19 Saez § Shuaway Pr .006 to &) ]
Ruminant Hast u. 8. 1960-80 Tyers 0s .13 .30
Baaf 1976 Rojko, et. ol. YA - .J0
1976 Llu & Ronlngen 08 - (.o
Hutton & Lawb 1976 Liuv & Roalrgen 0s -— (.0%)
Hon-tuciner: Meat 1960-80 Tyers ] .J] .81
Pork 1924-56 - Askarl and Cumminge 0s .24 to .60 .48 3
1976 Rojko, e, sl. A - . .50
1976 tlu & Roningen os - (.09
Foultry 1976 Rojko, at. al. A - .90
Poultry Mest 1976 Liu & Roningen A - (.28)
foultry Eggs 1976 Liv & Roningen A -— (.08)
Hilk 1931-68 Ackari end Cumainge 1] .00 to I 43 to .81 b ]
1976 Rojko, et. al. A - 40
Choase 1976 Rojko, et. al. YA -— .80
1960-80 Liu & Roalogen A - {.22)
All Crops 1911~58 Crilicheo 09 .16 .2)
1921-66 Tveatan & Quance cL A7 1.56
Coen Hidvestara States 1963-74 Vhittaker & Pancroft 08 Rt - 3
Kentucky 1960-79 Read t Rlgglina 0s 6 to .56 93 o 2.07 !
Tenae 193719 Shuoway rr .07 - 7
1909-32 Hevlove DS .09 o 1.02 -
1969-17 Chenbers & Just 0s .33 -
1960-80 Liu & fonlngen 0s - (.09}
Rice U.S. 1962-81 {to, at. al. A .41 31
1916 Rojko, et. sl. A -— : (.90)
1960-80 Liu & Ronlngen bs - (.18) 2
1960-00 Tyers DS 8 5
Texas 19357-19 Shuwway rr ] -
Wheat v.8. 1948-74 Horzuch et. al. 0s 46 to .52 - H
1969-17 Chambars & Just oS .50 o 7
Taxae 19571-19 Shuewsy r +4) -
o, 8. (867-1932  Askarl & Cunmings +1] .08 to .9) .11 te .80 b]
1976 Rojuo, et. al, YA - (2.5%)
1960-80 Lie and Sonlngen 03 - (1)
1960-80 Tyere s A4S 1
1960~ 80 Sarrie 5 Fraebalen Derived from
Ro jko, et. al. .20 -— 4
Sorghus Taxas 1957-19 Shusway 44 .62 -
Coacse Grains N. & 8. Lakos 19%50-70 Veavar er W84 to JT4 -
VYarious U, S, Regions 1966-79 feer § Shumway 114 .01 to .27 - b]
g. $. 1976 Rojko st. al. YA - (2.40)
1960-80 Llu and Ronlngen 08 - {.09) [}
1960-80 Tyere 03 .80 W15
Food Cealne H, & 3. Dakota 1950-10 Veever ve W40 to .79 --
Various U, S, Reglonr 1946-19 Saez & Shumway rr .004 to .6) - ]
0Ll Crops Yaricus U. 8, Regions 1946-79 Saes & Shuswey 44 .011 to .55 - 3
Ot lsecds v. 8. 1976 Rojko, st. 2l, TA - (3.2
Soybeans 1969-77 Chswbrers & Just 0s .64 - 1
1946-66 flouck & Subotnik ASGC .57 to J.30 - b ]
1960-80 Liu snd Romingen DS - {.10)
Gthat Ollesede U, S, 1960-80 Llu and Roningan 0s - (.2%)
Hay - Torage Texss 1937=~79 Shuswey rr .10 -
Yarloua U, 4. Ragione 1946-79 Ssaz & Shumvay 114 .22 to 3.1 - ]
Cotton Texas 19%7-19 Shusvey 144 .23 -
Various U, S. Regions 1946-19 Saes b Shumuay rr .8 to 1.9 - 3
. 8. 18831932  Askarl aad Cummings D9 .08 to .67 .08 e 83 3
1960-80 Liu & Roningen DS - (.1%) s
Vegacable~Frult=Bugsr . Various U. §. Reglons 1946-19 Saes & Shusway 144 43 Lo .26 .- w0 3
Vagetsbles v. 8. 1919-33 Herlove & Addison 1}] .02 to .6 .04 to 4,
Sugar 1960-80 Liu & Ronlingen oS -— (.on

*ethod of Eatimation Codas:

ID = Welghted average of input demand elastlclities

08 « Direct sotimation of the supply functlon

(. = Cetinated trom :he crop end [lvestock components

YA « Zetlwated from yleld and ecraage elesticitles

Pr = Cotimated from an indlirect proflt function (duelley spproach)
CF = Latimated frum sm indiract cost function (duality approach)

bozh-r Commants Codest

| = Planted acresge ie the dapenient variable
2 = Wheat scceege Lo the dependent varisble
) « From table 14, sppendix 11

4 @ Yrom the 1978 GOL Model

S = Only poritive elasticities are conoidared
6 = Coarge gralne other than corn

7 = Par Caplts Supply Elessticity

AL C: Asksri, Hoseein and John Cueninge, Agriculturel Supply Responses, A Survey of Economatrlc Evidance.
Pracge’ Publlshers, 1974,

The flguras ln parenthesss ara slasticlties with respect to woeld prices.
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Appendix IV,

Own-Price Supply Elasticity, Canads

Method of Short=Run Long—Run
Crop Region Period Author Estimation Elagcicity Elasticity
Crop Products Canads 1971 Lopez PF .007 .012
Coarse Grains 1976 Rojko, et, al, YA - .70
1960-80 Liu & Roningen DS - (.25)
1960-80 Tyers DS .52 .68
1961-76 Seeley I1IASA .25 Y
1961-76 Frohberg & Kromer TIASA .78 -
Wheat 1947-66 Schmitz A& C .42 to .75 .62 to 1.30
1960~80 Sarris & Freebairn Derived from
Rojko, et. al. .17 -
1976 Rojko, et. al. YA - .65
1960-80 Liu & Roningan DS ~— (.06)
1960-80 Tyers DS .33 .53
1961-76 Seeley T1IASA A4S .38
1961-76 Frohberg & Kromer IIASA .80 -—
Barley 1947-66 Schmite A& C .00 .00
Oilsends 1976 Rojko, et. al. YA - 1.20
Protein Feed 1961-76 Seeley I1ASA A2 A4
1961-76 Frohberg & Krcoaer IIASA .40 -
Soybeans 1960-80 Liu & Roningen DS - (.25)
Other Oilseeds 1960-80 Liu & Roningen DS -— (.09)
Animal Products 1971 Lopez PF .098 472
benf 1976 Rojro, et. al. 1A - .40
1960-80 Liv & Ronungen DS —_— (.16)
Pork 1976 Rojlko, et. al. YA -— .60
1960~80 Liu & Roningen DS -~ (.33)
East & West Provinces 1961~72 Meilke, et, al, As C d6 to .38 .79 to 1.12
Mutton & Lamb 1960~80 Liu & Roningen DS -— .35
Poultry 1976 Rojko, et. 11, YA - .70
1960-80 Liu & Roningen DS -— (.05)
Ruminent Maat 1960- 80 Tyers DS .17 40
1961~76 Seeley 1IAS2 .36 .63
Bovine & Ovine Meats 1961-76 Frohberg 6 Kromer 11ASA 46 -
‘on-Kumingnt Meats 1960-80 Tyers DS .31 .84
Hilk 1976 Rojko, et. al, YA - .30
Cheesa 1978 Rojko, et. al. YA - .60
1960-80 Liu § Roningen DS - (.15;
Dairy 1961-76 Seeiey I1ASA 45 .89
1961-76 Frohberg 6 Kromer TIASA -,06 -—
Cotton 1960-80 Liu & Roningen DS -— (.05)
Sugar 1960-80 Liu & Roningen DS - (.07)

Method of Estimation Codes:

ID =
DS e
CL =
YA =
P} e
Ct =

AbC:

Weightad average of input demund elasticities
Direct estination of the supply function
Eotimated from the crop and livestock components
Estimated from yield and acroage elascicities

Zotimated from an indiract profit function (duality approach)
Esticoted from ey indirect cost function (duality approach)

Askari, Hossein and John Cusmings.

Agricultural Supply Response, A Survey of Econometric Evidence.

Praasger Publishera, 1976.

The figures in parentheses are elasticities with respect to world prices.
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Appendix V., Own-Price Supply Elasticity, Other Developed Countries

Hethod of Short=-Run Long=~Run
Crop Reglon Period Author Estimation Elasticity Elaaticity
Wheat France 1976 Bale & Lutz Derived f[rom == 42 to 1.28
Rojko, et. al
West Cermany 1976 Bale & Lutz Derived from - 42 o 1.29
Rojko, et, al.
Unitad Ringdom 1976 Bale & Lute Derived from — 47 to 1.42
Rojko, et. al.
EC-6 1976 Rojko, et, al. YA - .93
£C-) 1976 Rojko, et. al. YA - .83
EC-10 1560-80 Liu & Roningen DS - (.2%)
Other Wuotern Luropa 1960-80 Liu & Roningen DS - (.2%)
EC-9 1960-20 Sarrie & Frechairn Derived from ,3§ —
Rojko, et, al,
Other Vestern Furope 1960-20 Sarris & Freebsirn Derived frem .33 -
Rojko, et. ul,
rC 1960-50 Tyers DS .30 .90
ec-9 1961-76 Seeleay TIASA 1.08 ° 4.89
EC 1961-76 Frohberg & Kromer TIASA 1.09 -
Austria 1961~76 frohberg & Kromer TIASA 1.41 -—
United Kingdoa 1924-39 Jones ALC .33 to .41 46 to .98
United Kingdow 1935-66 Colmarn AL C A7 —
France 1945-81 Oury AbsC .6) -
Japan 1976 Bale & Lut:s Derived from == .80 to 2.4l
Rojkp, at, el.
1976 Rojko, et, sl. YA -— 30
1960-80 Liu & Roningen [ - (.08)
1960-80 Sarcrie & Freebairn Derived from ,10 -
1960-080 Tyers DS .30 .60
1961-76 Frohberg & Kromar TIASA hh -
Australia & Wev Zesland 1976 Rojko, et, al. YA - .53
1960-80 Liu & Roningen DS - (.08)
Australis 1960-80 Sarric & Freebairn Derived from .10 -
Rojko, et. al,
1960-80 Tyere 0s .30 .90
196)-76 Seeley TIASA LY 51
1961-76 . Frohberg & Kromer LTASA .66 -
1947-64 Povell & Gruen ASC .18 .83
Hev Zealend 194565 Gulse At C .96 1.58
South Africa 1976 Rojko, 2t. al. YA - .33
1960-80 Sorris &L Fraebairn Derived frem .12 -
Rojko, et, al.
Rice EC-6 1976 Rojko, et. al. YA -~ 40
Other Western Europe 197¢ Rojku, et, al. YA -— 30
Ec-10 1960-80 Liu & Roningen DS - (.25)
Other Wastarn Europs 1960-80 Liv & Roningen DS -- (.09)
EC 1960-80 Tyers DS .20 W40
£c 196:-76 Frohberg & Kromer IIASA 1.49 =
Japan 1976 Bale & Lutz Derived from -- .08 to .24
Rojko, et. al,
1976 Rojko, et, sl, YA - .16
1960-80 Liu & Roningen DS - (.15)
1960-80 Tyers DS .20 .50
1961-76 Frohberg & Krower TIASA 3 -
1962-81 Ito, et. al, YA 43 .50
Australis & Hev Zesland 1976 Rojko, et, al, TA - .16
1960--50 Liu & Moningen DS - (.10
Auotralia 1960-80 Tyero DS .18 .30
1961-76 Frohberg & Kromer TIASA .96 --
South Africa 1960-30 Liu & Roningen DS - (.05)
Haise France 1976 Bala & Lute Derived from =-- A7 to .52
Rojko, ot. sl.
West Cermany 1976 Balo & Luts Derived from -~ W17 to .93
Rojko, et, al,
United Ringdow 1976 Bale & Lutz Derived from = W43 to 1,33
ftojlo, et. al,
£c-10 1960-80 Liu & Roningen DS -~ (.25)
Other Western furope 1960-40 Liu & Roningen DS -- (.23)
Japan 1960-60 Liv & Roningen DS - (.29)
South Africa 1960-80 Liu & Roningen 05 - (.29)
Barley France 1976 Bale & Lute Derived from == W42 to 1,28
Rojko, et, al.
West Cermany 1976 Bale & Luts Devived from -~ .42 to 1,28
Rojko, et. al,
United Kingdom 1976 Bule & Lutz Ducive® from ~— 47 to 1.42
Kojko, et. sl
United Ringdow 1924-39 Jones AbsC .57 to .63 1.75 to 2.71
United Kingdom 1955-66 Colman A& C .57 -
Jepan 1976 Bale & Lute Derived from -~ .80 to 2.41
Rojko, et. sl.
Qate United Ringdom 192439 Jones AsC W1 W16
United Kingdom 1955-66 Colman AL C 1.56 --
Coarse Graine £C-6 1976 Rojko, et. al, YA - .91
£c-3 1976 Rojko, et. al, YA - .35

Appendix ¥ Continued
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Appendix V. Ow-rrice Supply Elesticity, Other Developed Countries, Continued

Hethod of Short~Run Long=Run
Crop Region Period Author Estimatiaon Elascicity Elasticlty
Coarve Graino Other Western Europe 1976 Rojko, et. al. YA - .49
£c-10 1960-25 Lty & Roningen DS - (.16)
Other Western Zurope 1960-80 Liu & Roningen DS - (.23)
| (] 1960-80 Tyers D5 .40 91
zCc-9 1961-76 Seeley TIASA .76 1.0
| 4] 1961-76 Frohberg & Kromer I1ASA .9 -
Auetria 1961-76 Frohberg & Kromar TIASA .66 -
France 1946-61 Oury At C 17 -
Japan 1976 Rojko, et. al. YA - .23
1960-80 Liu & Roningen DS - (.30)
1960-30 Tyers 0S8 .30 .60
1961-76 Frohberg & Krower TIASA .38 -—
Australia & Mev Zealand 1976 Rojko, et. sl, YA -— .81
1960-80 Ltiv & Roningen [ - (.16)
Auotralia 1960-80 Tyers 0s «20 .60
1961--76 Seeley T1ASA .39 .48
1960-80 Frohberg & Kromer TIASA .84 -
1947-64 T.vell & Gruen A& C .14 .81
South Africa 1976 Rojko, et. ol. YA - (.60)
Oilsceds zc-3 1976 Rojko, et, al. YA - .02
Other Vestsrn Europe 1976 Rojko, et. al. YA - .20
Japan 1976 Rojko, et. al, YA - &)
Australle & Wow Zauland 1976 Rojko, et. al, A -— 4%
Soybeane ECc-10 1960-80 Ltiu & Roningen DS -~ (.2%)
Other Western Evrope 1960-80 Liu & Poningen DS -— (.14)
Jopan 1960-80 Liu & Roningen [\ ] - (.06)
Other Ofloceds gCc-10 1960-80 Liu & Roningen /1] Ld (.25)
Other Western Europe 1960-~80 Llu & Roningen DS - (.23)
Japan 1960-80 Liu & Moningea DS -~ (.29)
South Africs 1976 Rojko, st. sal. YA - (.10)
Protein Feed | (4 1961-7¢6 Trohberg & Kromer TIA3ZA .06 -
Austria 1961-76 Frohberg & Kromer 11484 .0
Japan 1961-76 Frohberg & Kromer T1ASA .35 -—
Australia 1961-76 Frohberg § Kromer 1IASA .0 -
Beef France 976 Bale & Luts Derived from - .20 to .60
Rojto, et. al.
Vaat Germany 1976 Bale & Lutz Derived (rom -- .20 to .60
Rojko, et. al.
Unitad Kingdoa 1976 fale & Lute Derived from == .20 to .60
Rojko, «t, al.
2C-6 1976 Rojko, et, al, YA - 40
zc-3 1976 Rojko, et. sl. YA 40
Othar Weetern Eurcpz 1976 Rojko, et. al. YA .40
Japan 1976 Bale & Lut:x Derived from - +3) to .99
Rojko, et. al.
1976 Rojko, et. al, 1A - .50
Austraila A How Zealand 1976 Rojko, et. al. YA - W40
Beef & Vaal £Cc-10 1960-80 Llu & Roningen DS - (.07
Other Western Europa 1960-80 Liu & Roningen DS - (.o1)
Japun 1960-8C Liu & Roningen DS - (.08)
Nev Zeaisnd 1960-80 t{u & Roningen DS - (.38)
Hukton EC-6 1976 Rnjko, et. al, YA - .30
£Cc-) 1976 v jko, et, sl. YA - .30
Other Western Zurope 1976 Rojko, et. al. YA - .J0
Hew Zoaland iy16 Rojko, et. al. YA - .20
Hutton & Lamb Japan 1960-80 Liu & Roningen DS - (.39
EC-10 1960-80 1fu & Honingen [ - {.33)
Other Westarn Europe 1960-80 Llu & Roningen DS .- (.Gy)
Nev 2ealand 1960-80 Liv § Roningen DS - (.an
Ruminant Meste rCc-9 1961-76 Seelay LIASA .27 AT
i 1960-80 Tyers 0s .2) .10
Japan 1960-20 Tyers 05 .40 .80
New Zealand 1961-76 Seeley I1ASA W2 .60
Australia 1960-80 Tyers 1] .18 .36
Bovine & Ovine Meato gc 1961-76 Frohberg & Kromer TIASA 62 -
Austria 1961-76 Frohbery & Kromer TIASA .61 -—
Japan 1961-76 Frohbery & Kromer 11ASA 07 -
Australia & Hev Zesland 1961-76 Frohberg & Kromer T1ASA A1 -
Pork EC-6 1976 Rojko, et. al. YA -- .70
EC-) . 1976 Rojko, et, al. YA - .70
Other Wectern Europe 1976 Rojko, et. al. A - .50
EC-10 1960-80 Liu & loningen 0s - (.on
Other Westarn Europe 1960-80 Liu & boningen DS - (.06)
Japan 1976 Rojko, et. al. YA - .70
1960-80 tiu & Romingen DS - (.2%)
Austrelia & Haw Zasland 1976 Rojko, et, ul, YA - .30
Faltry EC-6 1976 Rojko, et. al. YA - .70
EC-) 1976 Rojko, et. al. A - 10
Other Hestern Europe 1976 Rojko, et. ai. YA -- .60
Japan 1976 Rojko, et. al, A — .70
Poultry Hest £c-10 1960-80 Liu & Roningen 13 - (.16)
Other Western Zurope 1960-80 Liuv & Roningen DS - (.39)
Japan 1960-80 Liu & Roningen DS -- (.45)
Poultry Egge 2C-10 1960-80 Liu & Roningen DS -— (.16}
Other Western Furope 1960-60 Liv & Roningen DS - (.19)
Austrulia & Hew Zealand  1960-80 Liu & Roningen ' ~ (.29)
Hon~Ruminant Heats 44 1960-80 Tyers DS .33 1.00
Japan 1960-80 Tyers DS 2) .49
Austrslia § New Zealand 1760-80 Tyers DS .10 .30

2l ¥ Contlauved
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Apaendix v,

Ovn~-Price Supply Elasticlty, Other Developed Countrles, Continued

Hethod of Short -Run Long~Run
Crop Reglon Perfiod Adthor Estimation Elasticity Zlaseicity
Hilk Ec-§ 1976 Rojko, et al, YA - I}
£c-) 1976 Rojko, et, al, YA - .35
Other Western Burope 1976 Rojko, et, al, A - .30
Japan 1976 Rojko, et, al. YA -~ .80
Australla & Nev Zeoland 1976 Rojko, et. sal, YA - .40
Chease Ec-6 1976 Rojko, et. sl, YA - .40
EC-] 1976 Rojko, et. al, YA - .40
Other Western Europe 1976 Rojko, et, at, YA - .50
Japan 1960-80 Liu & Ronlngen DS - (.35)
Australia & Nev Zealsnd 1960-80 Rojkn, et, al, YA - 1.00
Dairy Butter £c-10 1960-90 Liu & Ronlngen DS -- (.18)
Other Vestern Europs 1960-80 Liu & Ronlogen DS -~ (.08)
Australie & Hev Zesland  1960-80 Liu & Ronlngen DS - (.05)
Dairy Cheess EC-~10 1960-80 Liu & Roningen '] —_ (.23)
Other Western Europe 1960-80 Liu & Roningen DS - (.33)
Australia § Mev Zaaland  1960-80 Llu & Roningen ps - (.0%)
valry EC-9 196176 Seeley T1ASA 43 .40
Japan 1961-76 Seelay T1ASA .50 .88
1961-76 Frohberg & Kromer TIASA 74 -—
Hev Zealand 1961-76 Seeley 11ASA W12 .34
Dairy Products | 1o 1961-76 Prohbarg § Kromer (T1ASA .82 -
Auatris 1961~76 Frohbarg & Kromer TIASA .13 -—
Australis 1961-76 Prohbarg & Kromer TIASA N -
Sugar Prance 1976 Bale & Luts Derived from — .81 to 2,44
Rojko, at. al.
*Hest Germany 1976 Bale & Lutx Darived from — 43 to 1,30
Rojko, ot. al.
United Kingdom 1976 Bala & Lutsz Derived (rom =— +22 to .66
Rojko, et. al,
Ec-10 1960-60 Llu & Roningen DS - (.13)
Other Westarn Europe 1960-80 Liu & Roningen 1] - (.09)
Japon 1976 Bale & Lutx Derived from  —— 21 to .64
Rojko, et. al.
1960-30 Liu & Roningen DS -~ (.25)
Australis & Nev Zaalsnd 1960-80 Liu & Ronlngen [\ - (.09)
Cotton EC-10 1960-80 Liu & Roningen ns - (.12)
Other Western Europe 1960-80 Llu & Ronlngen DS - (.25
Japan 1960-80 Liv & Foningen 03 - (.2

'Huhod of Betimatlon Codas:

ID = Woighted average of input demand elasticlties
DS = Direct estimatlon of the supply function

CL = Ketimated from the crop and livastosk componente
YA = Estluated from yield and acreage elasticitias

PP = Estimated from an fndirect profit function (dualticy approsch)
CF = Estimated from an indirect cost function (duality spproach)

A & C: Askerl, Hoswein cnd John Cusmlngs. Agricultursl Supply Rosponee, A Survey of Econometric Evidence,

Prasgar Publisheres, 1976.

The figures in parenthasas are elasticities vith respect to wvorld prices.
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Appandix VI. Own-Price Supply Zlusticity, Asian and Africen Countries.

Hethod of Short-Run Long=~Run
Crop neglon Perliod Author Estimstion Elasticity Elasticiey
Aggregete Farw Output Ind e 1935-56 Lau & Yotopoulos PF 1.166 -
(Crose~Sactional)
1960-77 Chhibber 08 -— .06 to .07
(Nerlovian)
1960-77 Chhibbar Rational 01 o .12 .18 to .2}
Expectations
1960-77 Chhibber DS «20 to .10 .30 to .46
m——— Bapnse DS .20 to ,25 +50 to .60
Pakietan 1962-82 Tvaeten DS .15 to .39 .35 to .77
Taiven 1967-68 Yotopoulos, Lau & Lin PP 1.25 -
{Crose-Seztional)
Coarse Craing India 1976 Rojko, et, sl. A - 24
1960-80 Liv & Reningen 0s - (.13%)
1960-00 Tyera DS W15 .21
Sel Lanka 1960-80 Tyers DS .48 .20
Bangladesh 1960-80 Tyers DS .01 .04
Pakistan 1960-30 Tyers DS W15 .19
1951-76 Frohterg § Krow.r TIASA A7 -
Turkey 1961-76 Frohberg h Kromer 1T1ASA .83 —
Indonesia 1976 Rojko, at. al, YA - .19
1960-80 Tyerz 0s .13 .22
Burca 1960-80 Tyers 08 .20 .35
Haloyels 1960-00 Tyers D8 .52 +65
Philippinas 1969-80 Tyers 08 «20 40
Thallend 1960-80 Tyars DS .12 .22
Theiland 1376 Bojko, at. al, YA - .20
Tajvan 1960-80 Tyero DS W23 .50
8. Xores 1960-20 Tyare DS .52 .65
Other South Asia 1276 Rojko, et. al, YA - .09
Other Southesst Aeia 1976 Rojko, et. al, YA -~ (.20)
Cast .Asia 1916 Rojko, et, al, YA - o135 to .23
1960-00 Liuv & Roningen D3 - (.21)
N, Africs & Hiddle Zast 1976 Rojko, et, al. YA -— .12 to .14
1960-80 Liu & Roningen ns - (.2%)
Africe (Subesharan) 1960-80 Liu & Roningen DS - (.06)
Eant Africa 1976 fojko, et, al. YA -~ .23
Tgypt 1961-7§ Frohberg & Kromer ITASA .65 -
Nigeria 1961-76 Frohberg & Krowar TIAA .03 -
tice India 1977-78 Kerirsjan & Flinn 44 1.32 to 1.96
(Coiwhatore District) {Cross-8actionat)
Indis 1962-61 Ito, et, sl, YA .18 .22
1960-80 Tyers [L] 813 .29
1376 Rojko, et. al. YA - .32
. 1960-50 Liu & Roningea b3 -- (.13)
India (Punjab) 1955~66 Askari & Cuemings ASC .18 .82
1951-64 Kaul AtC .2 .40
1960-69 Ksul & £idhu AbC 19 to .24 .64 to 68
India (Biher) 1953-6) Nowshivavani AbC - .01 to .22
India (Bensgal) i91i-38 S. Krishna .06 .19
8ri Lanks 1962-81 Tyers D3 .20 .32
1955-719 Bogahavatte YA .31 to .48 -
Bengladesh 1911-38 Tyers 0s .13 .74
1948-63 Huseain AsC .0) to .09 -
1949-63 Cusmeinge AL C .13 .19
1950-68 Askari & Cummings AL C .2 1.28
i962-81 Ito, et. al, YA .06 .07
Pakistan 1960-80 Tyers L1 .05 .07
1976 Bale & Lute Derived from = .15 to .45
Rojko, et. al.
1961-76 Frohberg § Krower T11ASA 9] -
1962-81 {to, et. al. YA .09 .39
1962-82 Tweeten 0s .20 to .22 48 to 66
West Pakistan 1945-68 Curmings As C A2 A7
Turkey 1961-76 Frohberg & Kromer TIASA .57 -
fricnasia 1955-79 Liu & Roningen DS —_— (.12)
1976 Rojko, et. al, YA - .30
1960-30 Tyers vs A2 .30
1962-81 Ito, et. ai. TA 07 W34
1368-17 Hainggolan § Suprapto DS 161 164
Thalland 1960-00 Tyere os .05 .08
1976 Bale & Lut: Derived from —- .07 to .22
Rojko, et, ai.
1962-81 Ito, et. al, YA 4 1.62
1976 Rojko, et, al. YA -— W15
1960-80 Liv & Roningen DS - (.2)
i9371-63 Pehroan At C .17 to .18 .19 to @)
1951-65 Aroudeq AbC el .20
Burme 1962-81 Ito, et. al. YA .04 .04
1960-80 Tyers DS .10 .20
Halaysia 1960-80 Tyero s .13 .38
Weot Halaysia 195165 trondee A C .23 to .25 1.33
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Appendix VI, Ovn-Price Supply Elasticity, Asisn end African Countries, Continued.

Hethod of Short~Run Long - Run
Crop Region Period Author Eatimetion Elasticlty Elasticity
Nice ?hilippines 1960-80 Tyers [B 16 .26
1962-81 1to, et. al. YA 3} 47
1910-41 Mangahas, Recto, As C .01 to .26 .02 to 1.16
and Ruttan
Tsivan 1962-81 Ito, cl. al. YA .14 AT
1960-80 Tyers DS .10 LY
South Korea 1960-80 Tyers 0s .10 J4
1962-81 Ito, et, ol YA W48 .47
Othar South Aela 1976 Rojko, et., al. YA - 055
1960-80 Liu & Roningen '] - (.14)
Other Southecst Asia 1976 Rojko, et. al. YA - .20
1960-80 Liv & Roningen DS - (.16)
East Asia 1976 Rojko, et. al, YA - A4 to L34
1960-80 Liu & Roningen DS - (.17)
M. Africa & Middlae East 1976 Rojko, et, al, YA - (.50) to .65
1960-80 Liu & Roningen DS - (.1%)
Africa (Subsaheran) 1960-80 Liu & Raningen W] - (.17)
East Africa 1960-80 Liu & Roningen DS -~ (.3%)
Egypt 1976 Bale & Lute Derived from ~— +25 to .78
Rojko, et. al.
1973~78 & Delenvry, et, al, Pr - 2
1970-81
1961-76 fFrohberg & Kromer I1IASA .03 -—
8iarre Leona 197475 Straune 44 A1 -
(Croce-Sectionsl)
Renyas 1364-79 Usba DS .48 1.36
Tenzania 1964-18 UsvA 0s 3 ~2.h}
Senegal (area elosticity) — usce D8 3.00 -—
Nigeris 1961-76 Frohberg & Kromer 11ASA .38 -
Root Crops and Othar Caresals Slarra Leone 1974-75 Strauso Fr .10 —
(Crove-~Sectianal)
Whaat India 1960-80 Tyerc [\ .31 W1
1960-00 Sarriz & Freebeirn 1978 coL .10 -_
India 1961-176 Seeley 1IASA (.0)) (.09)
1960-80 Liu & Roningen bs - (.15)
1916 Rojko, et, al. A - ]
India (Punjab) 1970-71 Sidhu & Baanante Pr 710 -
(1979)
India (Punjab) 1970-71 Sidhu & Baanante 144 .6) to .78 -
(Cross-S2ctional} (1901)
India (Punjeb 1951-64 Kaul AL C .25 .27
dry farming)
India (Punjab irrigated) 1951-64 Kaul ASsC .08 N
tndis (Punjab) 1950-67 Curmings ASC .10 .13
India (Delhi Union) 1968-75 Dejanvry & Kumar PF +24 to .25 -
india (Delhi) 1953-67 Askari & Curmings AsC .25 .28
Pongladech 1960-80 Tyera DS .10 .67
Pakietan 1960-80 Tyers DS .10 .15
1976 Bele & Luts Derived from == W17 to .5)
Rojko, at. al,
1961-76 Seeley IIASA .22 .51
1961-76 Frohberg & Kromer 11ASA W21 -
1962-82 Tueeten 0s .14 to 18 .27 to .40
West Pakiotan 1933-59 Falcon AbC .00 -
(dry ferming)
West Pakiatan 1913-59 Falcon At C .10 to .20 —
(irrigated)
Wast Pakisten 1949-¢3 Cuemings ASsC .10 .22
195068 Askari & Cucmings ASC .07 W21
Turkey 1963-76 Sceley 1TASA 22 .58
1961-76 Frohberg & Kromer ITASA .82 -
Indonusia 1960-80 Liv & Roningen DS - (.0%)
Burma 1960-80 Tyers DS 20 Wl
Taivan 1960-80 Tyers DS .Jo 43
South Xoreas 1960-80 Tyers DS .30 N3]
Other South asls 1976 Rojko, et. al. YA - A5
1960-80 Liu & Roningen DS -- (.14)
1960-80 Serris & Freebaicrn 1978 coL .10 -
Southasst Aais 1960-80 Sarris & Freebairr 1978 coL .10 -
Other Southeast Asia 1960-80 Liv & Roningen DS - (.25)
Cast Asia 1976 Rojko, et. el. YA -- 45
1960-80 Liv & Roningen DS - (.25)
W, Africa & Middle ¥ast 15060-80 Sarris & Freebairn 1978 coL .04 -
1976 Rojko, et, al. YA -- 45 to L28
1960-80 Liu & Roningen 0s - (.095)
Africa (Subsaharan) 1360-80 Liu & Roningen DS - (.22)
Egypt 1960~80 Liu & Roningen DS .- (.39)
1961-76 Seeley 11ASA .10 .16
1961-76 Frohberg & Kromer TTASA 1.25 -
1960-80 Sarrie & Freebairn 1978 coL A2 --
19353-12 Askari, Cummings & ASsC 91 b
Harik
1976 Bale & Lutz Derived from — W12 to .37
Rojko, et. al,
Kenya 1964-19 USDA DS 1.51 4.10
Tanzania 1964-18 USDA DS .99 3.02
Nigaria 1961-76 Frohberg 5 Kromer 11ASA -1 bl
East Africa 19€0-80 Liu & Roningen DS -- (.13)
Haize India (Punjab) 191446 Raj Kriahne AhC .23 .56
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Appendix VI, Own=Price Supply Elasticity, Asian and Alrican Countries, Continued,

Mcthod of Short ~Run Long-Run
Crop Region Period Author Estimstion Elasticity Elastlcity
Haite Pun jab 1960-69 Ksul & Sidhu AsC LAl te 1) A4 to 16
1368-45 Haji, Jha ASC .28 to .56 .35 to .66
& Venkstaraman
Pakistan 1976 Bale & Lute Derived from - .10 to .J0
Rojko, et. al.
Thailand 1976 Bale & Lutz Derived from ~- .10 to .J0
Rojko, et. al.
1960-80 Liv & Roningen DS -— (.33)
Theiland (4 provinces) 1949-63 Behrman AsC <27 to 4,47 A4l to 14,17
Philippines {910-4] Hangashes, Recto & At C Neg. to .12 Neg. to )1
Ruttan
1946-64 Mangahas, Recto & ASC Heg. to .23 .42 to 1,14
Rutten
Southesst Asia 1960-80 Liu § Roningen D3 - (.2%)
East Asia 1960-80 Liv & Roningen 2] - (.29)
Africe (Subsaharen) 1960-60 Liu & Roningen DS - (.s71)
East & North Africa 196060 Liu & Roningen DS - (.90)
Eaypt 1960-80 Liv & Roaingen DS - (.25)
1920-40 Aokari, Cummings & At C -.16 -,25
Harik
1953-72 Askari, Curmingo & At C .0 .M
Harik
1976 Bale & Luee Dorived from = .06 to .18
Rojko, at. sl,
Sudan 1951-6% Hedani At C .2) .56
Kenys 1964-19 usoa DS 2] .66
Tanzanie 1964-78 USDA 0§ 36 2,38
Miscellaneous Other Crops Fakistan 1962~82 Tvaeten DS A5 30
Hivcellansous Foods Sierra Laone 1974~75 Strauss 44 A8 -
(Crose-Sectional)
Othar Yood of Crop Origin Egypt 1961-76 Frohberg & Krowmer TIASA 13 b
Turkey 1961-76 Frohberg & Kromer TIASA .29 _
Pakistan 1961-76 Frohberg & Kromer I1ASA .53 -
(Cross-Sectional)
Nigeris 1961-76 Frohberg & Kromer T1ASA .33 -—
(Cross~-Sectional)
Oflseeds (Othar than coybsans) Indie {960-80 Liv & Roningen DS - .19
Groundnuts Indie (Punjab) 1933-66 Askari ¢ Cummings ASsC .48 .83
Pun jab 1960-69 Raul & Sidhu ASsC .51 to .78 3.05 to 1.25
India 19)8-97 NCAER ASs C 22 -
Sudan 1951-63 Medant AL C .12 1.62
0ils & Fats Sierra Leone 1974-73 Stroues PF .02 -
(Crose-8ectional)
Oflseeds India 1976 Rojro, et. ol, YA - .33
Indonesia 1976 Rojko, et. al, YA - .32
Other South Asfa 1976 Rojko, et. al. YA - (.15)
East Asia 1976 Rojko, et, aol. YA - (.03) te .27
Other Oilasseds Indonesia 1960-60 Liu & Roningen DS -— (.15)
Other Southeast Asias 1960-80 Liu & Roningen DS - (.1%)
Alrice (Subeaharan) 1960-80 Liu & Roningen DS .- (.16)
M. Africe & Middle Emst 1960-80 Liu & Roningen oS - (.15)
Soybeans East Asla 1960-80 Liu & Roningen ns - (.23)
Soybsans M. Africs & Middle East 1960-80 Liu & Roningen 0s - (.19)
Protein Fead Egypt 1961-16 Frohberg & Kromer TTASA .12 -
Rigeria 1961-76 Frohberg & Kromer T1ASA 04 -—
Cotton Ind{a 1960-80 Liu & Runingen DS ~- (.2%)
Indie (Punjeb, Des{ 1922-43 Raj Krishne A C .59 1.08
Variety)
Pun jab (American Variety) 1922-4) Raj Krishna AL C .18 1.62
India 19138-57 HCAER ASC .13 -
1ndia 1922-4) Rej Krishna As C .64 1.33
West Pokistan 1933-59 Falcon At C .61 --
Pakisten (Desi) 1950-67 Cummings AbC A .28
Pakistan (Amarican} 19350-67 Cumainge ASLC .40 4
Pakistan 1962-82 Tveeten 0s .30 to .44 .88 to 1.0}
. 1976 Bele & Lute Derived from — .82 vo 2.47
Rojkc, et. al.
indonesia 1960-80 Liu & Roningen DS - (.25)
Thaiiand 1960-80 Liu & Roningen 0s -— (.25)
Other South Asia 1960-80 Liu & Roningen 05 - (.25)
Southeast Asia 1960-80 Liv & R-~ingen DS -- (.25}
East Asia 1960-80 Liv & Roningen DS - (.0%)
Africa (Subsaharan) 1960-80 Liu & Roningen DS -~ (.05)
M. Africa & Hiddle East {96G-80 Liu & Roningen DS -— (.29)
Egypt 1960-80 Liu & Koningen 0s - (.18)
1976 Bale & Lut: Derived from - .05 to .15
Rojko, et. al.
1899-1237  Stern AL C .38 -
1916-37 Stern AS .52 -
1953-1n2 Askari, Cumminge AbC -0 ~-.08
5 Herik
Sudan 1951-6% Hedani As C .39 .50
Nigeria 1948-67 Olayide ASC .0) to .04 .-
1943-67 Oni ASsC .38 2
Sugarcene (scresge alesticity) Indis (Western region) 1950-74 Lal & Singh 0s .60 1.2
India (Eastern region) 1950-74 Lal & :ingh [ .26 .10
Indis (Central region) 1950-74 Lal & Singh D5 2 12
India (Uttar Pradesh) 1950-74 Lal & Singh DS W42 1.60
Suger India 1960-80 Lis & Roningen 0s -- (.15

Appendiz V1 Continued
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Appandix V1. Own-Price Supply Elusticity, Asian snd African Countrise, Contioued.

Method of Shoe ! ~Run Long-Aun
Crap Region Period Author Estioation Elseticity Elaaticity
Suger Indl{a {Uttar Pradesti) 1951-64 Howshirvanl AL C -.04 to .6) -.19 to 1.19
Indle (Punjeb) 1991-864 Xaul AbC 0 1
Indla (Medres) i741-63 Hadhavan AbC .52 to .8} .86 to 1.2
Sugercane Pakistan 1962-82 Tveeten 08 .30 to .48 b4 to 94
Sugar Indonesia 1960-80 Llv & Roadngen 1] - (.03)
Thalland 1960-40 Llu & Roningen 08 - G14)
Thatland 1978 Bale & Lutz Derived f(rom  ~-- .08 to .24
Rojko, et, al.,
Philippines 1914-64 Askart AbC 08 to .13 1) to 16
Other South Asis 1960-80 Liu & Poningen DS - (.19)
Southeast Acta 1960-30 Liu & Reningen DS - (.1
Zast Asia 1960-80 Liu & Foningen DS -— (.10}
Hiddlas Faet 1560-89 Liu & Roningen LE] - (.03)
Afcice (Subasharan) 1960-80 Liu & Roaingen 13 {.07)
yypt 1550-80 L{v & Ronlngen 03 - (.16)
Cocos (Acresge Zlssticity) Migerio (Ondo) 1537~53 Cnl & Dlayemi 03 - .70
Migerla (Cyo) 1937-38 Onf & Olayeasi DS - 1.09
Migeria (Ibsdan) 1937452 Oni & Olayemi os - .46
Migeria (Abockuta) 1937-38 Oni & Oleyemi DS - 98
Rigeria (Ijetu) 1937-55 Onl & Olayesi 05 - S.74
Nigeris (Colony; . 1937-35 Oni & Olayewni 03 - .79
Veat Higeria 19371-38 Oni & Olaywal 03 - B
Cocon Migeris 1947-63 Behrwen AbC -— A5
1948-67 Olayide AsC .15 to .20 -
Ghana (Centrsl) 1964-62 Bateman 03 - 1}
Chane (Wastern) i946-62 Brtoman |1 - 1
Ghana (Voiea) 1946~82 Bstenman 0s - .81
Chana (Lsotern) 1946-62 Bateman ps — 2
Gha "% Ashantd) 1946-42 Dateaan bs - .42
Chan. * ani) 1946-62 Jateman 0s - A7
Ghana (... Areas) 1949-62 Paceman AL C .39 .7
Chene (Hedium Arece) 1949-62 L 1] Ab C .42 to L3I i.20
Chanan (Mev Arean) 1949-62 Batamsn AtcC .6] to .87 1.06
Ghana 1947-6) Bohrman AscC - 1
Cofl ‘ne Kaaya 1946-64 Haitha ab C .18 .38
1946-54 Ford ASC - .38
Africa 194)-60 Brine AbC b e L2 7 to .60
Rubber Thailand 1978 Bale & Lluts Oerived from ~= .09 to .28
tojka, et, al,
Mutton & Lamb Indie 1960-80 Liu & Poningen 0 -— (.3%)
M. Africa & Middle East  1960-80 Liv & Roningen bs - (.68)
fvainaot Mest India 1960-80 Tyers 0s .04 .20
Sri tanka 1960-80 Tyers 08 .0t .03
Bangladesh 1960-30 Tyers s .05 .20
Pakistan 1960-80 Trers 0s .40 .0
Burws 1960-10 Tyerse 1] b 1.3
Halaysia 1960-80 Tyers 0s .19 .Je
Philippines i960-80 Tyers DS 1) .50
Thaiiand 1960-80 Tyers 2} ) 1.00
Indonesia 196¢ -30 Tyers 0s .23 1.00
Taivan 1960-30 Tyery DS .23 .50
South Kores 1960-00 Tyers DS 3] .50
Pyvine & Ovine Maat Pekisten 1961-76 Frohberg & Krower 1IASA .18 -
Turkey 1961-16 Frohberg & Krowmer 11ASA 4l -
Egypt 1961-76 Frohbesg & Rroser TIASA .0 -
Migeria 1961-16 Frohderg & Krower LIASA M -
. Livastock & Livestock Products Pakiotan 1962-82 Tveeten 0s b o W15 W28 to .50
Beef 1976 Bale ¢ Lute Derived from — 19 to .48
Rojko, et. ai.
Beef L Veal R, Alrlce & Middle Zaet 1960-80 Liu & Roningen 08 -- {.an
Fish § Animal Products Sierre Laone 1974-78 Straves 144 0 -
(Crosa~Sectional)
Kon~Rusinoat Meats Indie 1960-80 Tyers 0s ¥} 1.00
Sri Lenka 1960-80 Tyers .25 i.28
Bangladesh 1960-80 Tyers 6 .97
Pakistan 1960-80 Tyercs .25 1.00
Singapor 1960-80 Tyers 1 .13
Halaysis 1960-80 Tyers .7 .73
Indonesia 1960-80 Tyers .23 1.00
Sures 1960-80 Tysre 2% 1.44
Philippines 1960-20 Tysrs .52 .87
Thaliand 1960-80 Tyero W24 .64
South Korea 1960-80 Tyars e H .15
Taivan 1960-80 Tyers 7 3
Pork East Asis 1960-80 Liu & Roningen 03 - {.08)
Foultey - Meast Last Asia 1960-80 Liu & Roningen D5 - {.35)
Poultey - Zyge 1960-80 Liu & Roningen ps - (.33)
Deley - Butter India 1960-80 Liv & Poningen [ -- (.18)
Daley Products tndla 1961-76 Seeley T1ASA (.o1) (.04}
Pakiotan 196)-76 Seeiey 11ASA .13 .20
1961-76 Frohberg & Krower 11ASA 9 -
Turkey 1961-76 Frohberg & Krower TIASA ) -—
Egypt 1961-16 Frohberg & Kromer TIASA .12 -—
Miguria 1968-76 frohberg & Kromer T1ASA L) -—
Othor Asimal frodwcte Thaiiend 1961-76 Sealey 11ASA .10 W12
Migerie 1961~-76 Seeiey 11ASA .49 .25
1961-76 feohberg & Krower 1IASA W2 -
Pakistan 1961-76 Frohberg & Krower 11ASA L] -—
Turkey 1961-76 Frohberg & Krowmer TIASA 43 -
Egypt 1961-76 Prohberg & Kromer 11ASA .53 -

Hathod of Escimation Codes:

10 = Veighted aversge of fnput demand elosticition

CL o= sl

r
[

At Ce

-
-

YA = Estivated from
* Cotimated from
® Zstimated from

Atkarl, Hossein and Joban Cusming.

Praeger Pubiiskars, (976,

Oirect estimation of the supply function

d from the crop and livestock components
yleld ond screage alosticities

a0 fndirect profit function (duality approsch)
e {ndirect cost fuoction (duality approsch)

Agricuitural Supply Response, A Survey of ccunometric Evidenca.

Tha (igurae in parantheses are elasticities vith respect to varid prices.
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