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Prices and Prodﬁctivity in Agriculture

Abstract

Developing countries have been found to tax agriculture heavily, which

might affect the productivity of resources allocated to agriculture, as well
as their quantity. A variable-coefficient cross-country agricultural
production function is estimated, with past price expectations among the
determinants of the production coefficients. Productivity is found to be
responsive to those expectations, with the implication that had these
developing economies eliminated their price interventions, agricultural

productivity would have increased on average by about a third.




Prices and Productivity in Agriculture

During the fifties and sixties most western economies experienced rapid
growth while international trade grew even more rapidly, stimulated perhaps by
the large reductions in barriers to trade that took place'on a multilateral
basis during that period. On the other hand, during the seventies and
eighties, most countries have experienced much lower rates of growth in output
and ih total factor productivity. Economic policies whose goals are unrelated
to technical change may nevertheless have affected the rate and direction of
these changes. Could this decline in productivity increases be due to the
rapid growth in government programs, taxes, hidden barriers to trade and.other
regulatory activity that had the effect of increasing distortions within the
Vworld economy? How do these and otﬁer economic variables affect the nature of
technical change? A better understanding of endogenous technical change
should enable economists and policy makers to answer these questionms.

In this paper we directly examine the effect of priées on the productivity
of the agricultural sectors of a sample of eighteen developing countries over
the period 1960 to 1984. We describe the theoretical basis for including
price expectations in a production function and we empirically estimate such a
function to establish the productivity effect, as opposed to the allocative

effect, of price distortions in those countries. The price distortions we

examine derive from both sector-specific'policies and general trade and

exchange rate policies.

The main empirical concern of this paper is aggregate productivity, as
opposed to production. We measure productivity as the rate of change in total
factor productivity, which is essentially the residual difference in output

between two points in time or between two places, after calculating the
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estimated effects of measured differences in input quantities. This measure of
productivity is of course not without ambiguity because one may arbitrérily
reduce productivity differences measured in such a way by adjusting inppt‘

quantities to account for "quality" changes. One logical response to this

ambiguity is the position that all technological change must be embodied

in some input, with the implication that if inputs and input quality are
cofrectiy measured, then the measured change in total factor productivity will
be zero (for exaﬁple'Schultz, 1956). But our interest in this paper is to
measure differences in output for a given amount of conventionally-measured
inputs, so our approach is to account for changes in the quality of these
inputs by introducing separate variables such as schoéling of workers and
irrigation investments in land.

Productivity change can be characterized not only by an index or rate of
change in an index, but also by bias among inputs or among outputs. Bias in
technologically-induced productivity change will affect factor and product
shares, and thus the distribution of gains from the productivity change, but
such issues are not the focus of this paper. We nonetheless measure Hicksian
biases.of the productivity differences we observe, measured as the difference'
in the ratio of marginal products. Because we examine only aggregate output
in this paper, output bias is not relevant. |

In examining factors related to productivity, it is important to
distinguish the concept of technical change through innovation from the
concept of efficiency, since they both affect productivity but are
.fundamentally different phenomena (Fare, et al.) The former generally refer§
to a change to improved techniques, while the latter refers to an increase in

output that occurs while holding constant both the level of inputs and the
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technique of production. Prices have been identified as one of the

determinants of both innovation and efficiency, though they have not been
prominent in the explanation of eiﬁher. We turn now to a brief review of the
role of prices in previous productivity studies.

\

The economics literature on innovation is extensive (see Dosi for a
recent review){ but devoées little attention to the role of prices as a
determinant. Innovation is generally considered to be an activity to which
firms allocate resqurées according to its profitability. This profitability
can be affected by supply-side factors such as the existence of new knowledge
or the costs of research or by demand-side factors such as price changes or
changes in appropriability (Schmookler). The clear implication of this
conceptual approach is that increases in expected product price (or demand)
would increése the benefits of innovation. Schmookler’s examination of patent
data clearly revealed a positive relationship between product demand and
" innovation. Contemporaneously with Schmookler, Lucas provided more
.straightforward support for thiS'hypothesi;. He found negative regression
relationships between the rate of factor productivity in the U.S.
manufacturing sector and the prices of labor and capital (each divided by
output price). Binswanger developed a very explicit model of firm behavior
which shows that the benefits of innovation will increase with expected prices
if the optimal quantity is expected to increase because of the inﬁovation.
This implies a positive relationship between output price and innovation, But
an ambiguous relationship between input price and innovation, depending on the
nature and size of the anticipated input biases. Huffman and Evenson provide

empirical evidence that supports the positive price-innovation relationship

for the U.S. agricultural sector. Mundlak argues similarly that prices are
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one of the state variables which deﬁermine the choice of technique, and
therefore also determine productivity, though his approach does not offer a
hypothesis as to the sign of the relationship.

The literature on efficiency also suggests a role for prices. Hicks
(1935, p.8) suggested that monopolists, with the luxury of the "quiet life",
might be technically inefficient, and Leibenstein amplified this notion by
asserting that within firms with market power, managerial motivation may be
so lacking tbat technical inefficiency may be a significant source of
potential productivity gains.. The role of prices in this line of thought is
that as competitive pressure forces prices lower, incentives for managers to
improve technical efficiency (or to innovate, for that.matter) are greater
because the firm’s survival is threatened . The hypothesis related to price is
thus exactly the opposite to that suggested by innovation theory, namely a
negative relationship between ouéput prices and productivity or a positive
relationship between input prices and productivity (Leibenstein, Nelson and
Winter). FVarious studies have offered empirical support for this hypothesis.
Bergsman, for example, examined the effects of import protection in six
countries, and calculated that the cost of protection included productivity
reductions equal to from two to six percent of GNP. Martin and Page estimated
a frontier productiop function for logging and milling industries in Ghana,

and found that public price subsidies reduced productivity. In agriculture

Kalaitzandonakes and Taylor found that the average rate of productivity growth

for a set of Florida vegetable crops that have no import competition was 1.6
percent per year, while the average rate for set of similar crops that compete
with Mexican imports (which presumably then had prices that were lower

relative to costs) was 5.1 percent.
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Given the competitive structure of agriculture, there seems little a
priofi likelihéod that the "quiet life" hypothesis would prevail, except
perhaps in relatively small, highly-concentrated specialty commodities sucﬁ,as
those examined by Kalaitzandonakes and Taylor. Our expectation is that in the
aggregate, prices would be positively related to productivity as suggested by
the innovation literature. Indeed, a number of observers of the agricultural
economy have asserted the existence of a positive relationship between prices
and productivity, without offering explicit models or extensive data to
support the assertions. Schultz (1979) for example argues passionately that
it is clear from his observations that the higher afe prices in agriculture,
the faster is the rate of productivity increase. Schuh argued that the
overvalued U.S. dollaf in the sixties tended to depress agricultural prices in
the United States and that this in turn-reduced the rate at which new
vproduction technology was adopted. But despite the considerable attention to
the question pf prices and productivity in agriculture, as Capaibo and Antle
state: "We know of virtually no research that has attempted to account for the
effécts of government intervention or regulation in agriculture on the
measurement and explanation of agricultural productivity.." to which they add
"...we would expect that government policies may have substantial effects on
agricultural productivity."
The next section ofvthis paper presents a model of endogenous
techﬁological change that leads to variable’coefficient production function

with expected prices being among the factors that determine the value of the

coefficients. Following that is a section that describes data related to the

price and productivity experience for the set of eighteen countries that we
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include in our empirical analysis. The final two sections present and

interpret the econometric results and offer some conclusions.

I. A Model of Endogenous Technology

Our objective here is to develop a model of production within which the

technology embodied is responsive to previous choices. Our general approach
is to posit a:production function for which the coefficients are variable and
determined at any one place and time by those previous choices, and thg
current teéhnological, natural and iﬁstitutional environment. We start with
the noﬁion of a technique of production. Following Dixit (1976) a technique
is a particular combination of inputs producing a particular output,vi.e. a
~production process. The collection of all available techniques, as described
by an isoquant map or a production function or indirectly by a cost function,
we define to be the technology available at a point in time. When new
teﬁhniques become available as a result of new knowledge, technology changes.
The set of techniques thch can be implemented in the ;hort run, however, ié a
subset of the long-run technology to the extent that techniques require
technique-specific capital that has low or zero opportunity cost. Thus under
a variable coefficient production function such as we postulate, both past
prices and current prices will affect the current choice of technique, and
past prices will have a strong influence on productivity as reflected by
current values of the prodﬁction coefficients.
~Mundlak (1988) formalizes the choice of technique at the firm level for

a single period optimization and a single output as follows:
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subject to: z - Z;z; =0

where p is the output price, x; is a variable input with price wy, zy is
an allocatable fixed input, and there are J techniques available. The
solution gives derived demands and shadow prices as a function of input and
output prices, the initial endowment of fixed inputs and the available
technology. If in addition we allow for corner solutions, wheneQer X;=0 and
z;=0 are optimal the jth technique is not implemented. Therefore the solution
to this problem determines both the techniques used and the level of their
use. Mundlak’'s approach is inherently non-dynamic, since choices in the
current period are in no way constrained by choices made in previous periods.
This paper departs from Mundlak’s approach by relaxing this assumption. We
postﬁlate that implementation of techniques often if not alﬁays involves
investment in technique-specific capital which constrains future decisions.
The set of techniques that is currently opﬁimal then dependé upon past
choices, which were based on prices and price expectations that existed at
various times in the past.

Iﬁ is beyond the scope of this paﬁer to derive a dynamic optimization

model which explicitly solves for the current values of production function

coefficients in terms of, say, distributed lags of past prices and past price

expectations. However, the implications of the theory described above can be -
conveniently expressed in terms of a production function with fixed resources,
which include technique-specific capital remaining from earlier choices of

technidue. If x* is the optimal level of inputs, then optimal output is givén

by
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F(x*;p,w,z,T) = Z; y;*(p,w,z,T)

where P and w are vectors of current and past price expectations, z is a
vector of resources fixed within the period and T is the technology set. It
should be noted that the relationship in (2)  is defined conditional on prices,
resource constraints including embodied capital and the available technology.
In this paper we postulate that the resource varlables enter into the
production function ag determinants of the production coeff1c1ents We thus
refer to them as technology-changing variables.?

Equation (2) identifies three different types of constraints ‘affecting

the optimal level of output: a) the available technology, b) resource

endowments, and c) prices. The available technology represents the
introduction of new techniques which become available as a result of research
or experience. They expand the technology set shifting the isoquant map.
"Resource endowments, which are constraints to the producer’s optimization
problem, include the physical environment, labor, land, and the capital stock
including technique-specific capital and the various facets of human capital.
Prices will affect the intensity of use of current implementable technidues,
and will affect the adoption of new techniques.?

Let y(x;R) be a real-valued function characterizing the maximum amount
of y which can be produced from any given set of inputs (x%;, ..., X,) where B

designates the vector of all its parameters. Also note that the production
I‘rl A
" AL A .«t ,)s__(/a,)

l1Antle (1988) has derived an aggregate production function with similar
characteristics from a model where the 1nnovat10n process is assumed as
inherently dymamic.

2These variables representing constraints in this model could also be
endogenized. Prices would be so including demand in the analysis.
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function is a single-valued mapping from input space into output space since
the maximum attainable output for any stipulated set of inputs is unique. Let

the function y(x;R) have continuous second partial derivatives with respect to

x. Let MRS, ,(x,R) i=1, 2,...,n-1 designate the marginal rate of technical

substitution of x, for x; at the point x. Let ay, k=1, 2,...,m represent a
~ technology-changing variables that determine the production function

- parameters according to

Bi-Gi ( Qyy ooy am)

Assume that the production index y and all its first and second partial
derivatives y; and y;; are differentiable at all points at least once with
respect to each of thebtechnology-changing variables a;,..., o,. Now we

define the elasticity of productivity with respect to ay as

Y = 3y/day ay/y,

which indicate; the percentage by which the total factor productivity index
will change in response to a one percent change in oy (since the total factor
productivity index is just y divided by a weighted index of x;’'s, which are
held constant here). |

Given the assumptions above, each of the marginal rates of technical
substitution is differentiable at every point X with respect to each
technology-changing variable o, k=1, 2,...,m. Let €; o designate the
elasticity of the marginal rate of technical substitution MRS, ; with respect

to the technology-changing variable o,




(4) en,i,ak = ak/ MRSn,i SMRSn'i/ Sak .

In the general case, the elasticities (3) and (4) with respect to the

technology-changing parameters may be variable and depend upon all of the

quantities of inputs x,,..., X, and all of the technology-changing variables.

The following class of production functions is considered:
y(x;B) = B 1 (A; xi)‘3'i
B, = Gy(p, ?, z, T) i=-1, 2,...,n,
log B = By + pg

where y is the maximum output producible from a given vector of n inputs, x,
with p and w now representing vectors of past price expectations that have
determined technique-specific capital, z represents inputs held fixed in this
period and T is the tecﬁnology set. Log B combines a fixed intercept and
random disturbance term, and it is assumed to be statistically independent of
other variaplés on the right-hand side of equation (5a). The A; are factor-
‘augmenting coefficients and the x; dénbte amounts of factor inputs as
conventionally measuréd in units of variable efficiency, so that the -A;x;

represent amounts of factor inputs in units of constant efficiency. We assume
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in this work that A;=1 for every i. The B, 's are stochastic variables, each

representing a variable elasticity of output with respect to the ith input.3

The input vector x is the only argument of the production function (5a)-
(5¢), while P, W, z and T determine the production coefficients and are thus
taken by the decision makers as parameters for the current production period.

In this study the determination of the coefficients is represented as
(6) By = 710 + I ik o + 4y i=1, 2,...

where a = (p, w, z, T), 7;0 and the vix are fixed coefficients, and the p;’s
are random variables, independent of «, with mean vector zero and finite

_ positive semi-definite covariance matrix.

Expressing equation (5a) in a log linear form and replacing B; with

equation (6):

(7) log y(x;p,W,Z,T) - Bo + Zi Yio 10g Xy + Ei Zk Yik Qx

log x; + Z; py log Xy + py

Equation (7) provides a convenient model for evaluating the impact of
price policies in‘the production function itself, as opposed to their impact
on resource allocation for a given production function. If o is the
logarithm of a measure of past expectations about some particular price or

price index, then the elasticity of productivity, now determined as

3This type of model has also been used by Zellner (1969) who showed that
a macro coefficient estimator will not possess aggregation bias if the
coefficient vectors of individual micro units satisfy the assumptions of this
model
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(8) Y = 2 i log xy

measures the elasticity ofvproductivity with respect to that measure of past
price expectations. If changes in past price policies were matched by changes
in past price exéectations, then ¥, also provides a measure of the effect that
changes in past policies would have had on current productivity.

Equation (6) is used to determine the contribution of inputs to
production. These output elasticities depend on the level of the variables
that condiﬁion the individual’s choice, so they differ by observations.*

Changes in available resources, in the set of techniques available for

production, and price expectations will alter the contribution of each input

to production.

The elasticities of equation (4) determine if the technology-changing
parameters have a neutral or bias effect on input use. Several notions of
neutrality could be defined. The most useful in the present context is that
of Hicks’ neutrality, in which the marginal rate of technical substitution
between two inputs is independent of the technology-changing parameters.

Thus, from equation (7) Hicks' neutrality implies

(9) SMRSn;/6ay = Xi/%Xy (Yix/Bn = Yax/Bn® B1) = O

“In contrast to neoclassical theory, this model implies nonuniqueness in
the relationship between the marginal rate of substitution and the
corresponding price ratios. It recreates an issue addressed by Joan Robinson
who argued for production models that allowed reswitching, meaning that a
technology may be more profitable than other technologies at more than one set
of relative input prices (Harcourt, 1969). :
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where (n,1i) répresent any pair of inputs and k refers to technology-changing

parameters. In terms of the elasticities expressed in equation (4),

(10) €n,1,0k = 9% (Vix/By - Tnx/Br) = O.

If €5,1,0c = O then the level 6f ay does not affect the mix between inputs n
and 1, while €, ; o, > O implies a bias against input x;, and €;; o < O implies
a bias against input x,.

We now turn to the task of using this approach to measure the effect of
past price policies on agriculfural productivity in é set of eighteen

developing countries.

II. Agricultural Protection and Growth in Eighteen LDC's.
We have selected for this stu&y a set of eighteen countries for which
"~ recent World Bank studies‘have made considerable data available. Table 1
lists these countries, the years for which we examined each,.the average level
of agricultural protection during the period, and the average rate of growth
of agricultural production during the period. Only Korea provided net
protection of agricultural prices during this period. Our concern hére is with
productivity growth, rather than production growth, however. Our approach is
first to estimate the production function in equation (7) using pooled data
for these countries, and then to use the parameter estimates along with
estimated price distortions to calculate estimated agricultural productivity
effects of past price policies. The elasticity of productivity (equation
_ (8)), multiplied by the percentage price distortion, will indicate the shift

that would have occurred in the production function if past prices had been at
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border prices, as opposed to the protected levels determined\by past policies.
The basic assumption is that all countries have access to the same technology,
and that they thus share a common meta production function. This recognizes
"~ that different‘codntries use different production techniques and that the
coexistence of some countries using advanced techniques with others using
traditional techniques could be explained by economicvvariables.

A distinction is made in the previous section between inputs and
technology-changing variables.' The former consist of traditionally-measured
physical inputs, while the latter consist of measures of qualities of these
inputs, prices, and research effort. In order to achieve compafability with

other studies we use the same input categories as those in the series of

studies introduced by Hayami and Ruttan, and later extended By Evenson and

Kislev, Nguyen and Antle. They are:

Output (y): Value of agricultural production in millions of 1980 US

Land (%,;): Thousand of hectares of arable and permanent cropland and
permanent pastures.

Livestock (x;): Weighted average of various types of animals reported
by FAO, using the weights in Hayami and Ruttan.

Tractors (X3): Agricultural tractors and garden tractors (FAO) in
thousands of horsepower units, aggregated according to Hayami and Ruttan's
procedures.

Fertilizers (x,): The sum of nitrogen, potash, and phosphate content
of various fertilizers consumed, measured in thousands of metric tons as

reported by the International Fertilizer Institute.
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Labor (xs): Measured in thousand of participants in the economically
active population in agriculture as reported by FAO! .
We distinguish three types of tecﬁnology changing variables, those related

to past price expectations, those related to the introduction of new

techniques, and those related to the quality of the country’s physical

environment. As proxies for them we have used:

. Output price (a;): Five-year moving averages of Divisia indexes of
- prices received for major agricultural products, as reported by the World Bank
and adjusted to reflect relative differences across countries.

Wages (az): Five-year moving averages of monthly wages in US dollars
paid to agriculturﬁl workers, as reported by the International Labor
Orgénization and the World Bank.

Fertilizer Prices (a3): Five-year moving averages of an index of
prices paid for fertilizer (nitrogen, potash, and phosphate) which was
constructed to reflect cross-country and time variations (Sources: FAO
Yearbook and World Bank).

Agricultural Research (a,): A measure of research stock, obtained by
imposing a nine-year inverted-V lag structure>on annual research expenditures
in thousands of 1980 US dollgrs, as reported by Pardey and Roseboom, Judd,
et.al., and the World Bank.

Land Quality Index (as): This is an index of land quality reported in
Peterson (1987).

Life Expectancy (ag): As reported by the World Bank, introduced as a

"human capital" variable to measure health investments.
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Irrigation (a;): The percentage of irrigated land in total arable
and permanent cropland. It is included as a proxy for investments in the
sector.
School Enrollment Ratio(ag): Gross enrol}ment ratio for primary
schools obtained froﬁ World Bank Tables.

To keep the data set as large as possible, we used regression

interpolations to generate estimates of missing observationms.

III. The Estimated Cross-Country Production Function
A1l countries and years are pooled together in a single equation of the
form specified in equation (7) giving a total of 410 observations, and the
~ parameters are estimated using OLS. Althougﬁ the error structure in equation
(7) is uncorrelated with the variables representing inputs, its variance is

not. The Breusch-Pagan (Breusch and Pagan, 1979) test for heteroskedastic

2 .
errors gave a value of 7.09 which compared to a x; value of 11.07 indicates

that the null hypothesis of homoscedasticity is not rejected. Table 2

" presents the parameter estimates of the model in equation (7). The table
contains a total of 46 parameters; twenty of which are significant at the 1%
level, five at the 5% level, and four at the 10% level. R? for the equation is
0.99 and collinearity diagnostics developed by Belsley, Kuh and Welsch (1980)
indicate an absence of multicollinearity.

Elasticities of productivity with respect to technology changing
variables can be evaluated at the mean value of input variables, using the
coefficients in table 2 and equation (8). The results (Table 3) show
relatively small effects of the technology-changing variables. The

elasticities of greater interest here are the ones that represent the effects
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of past price expectations on productivity. They indicate that a ten percent
change in past output pricé expectations (due to different policy cﬁoiées, for
example) would produce a five percent shift of the production function, while
increases in expected wages and fertilizer prices of the same magnitude would
shift it down by three percent and one percent respectively. Agricultural
research, quality of the soil, irrigation, life expectancy, and schooling all
have positive effects on productivity.

Production elasticities evaluated at the average value of the technology
changing variables are presented in row one of Table 4. The sum of these
coefficients is 0.952, very closé to constant returns to scale. Estimation of
these elasticities in a fixed coefficients model was also performed to
contrast them with .those derived form the variable coefficients model (row 2
of Table 4). It is useful to noté that our fixed coefficients results are
very similar in magnitude to those of Evenson and Kislev in their study of 36
countries for 1955-1968. The elasticities froﬁ our variable coefficients
model are higher for land, and lower for livestock, as compared to the studies
of Hayami and Ruttan, Evenson and Kislev, Nguyen, Mundlak and Hellinghausen,
and Antle.

The effect of output price expectations on relative level of input use
(bias) is revealed by the elasticity of the marginél rate of technical

substitution with respect to that variable (equation (10) above). The

estimates of these elasticities evaluated at the average value of the

variables indicate that past price policies (which affected output prices
negatively) biased the input mix against labor and machinery and in favor of

livestock relative to all remaining inputs. They increased the share of land
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relative to all other inputs except livestock aﬁd decreased machinery relative

to fertilizer (Table 5).

IV. Estimated Productivity Effects of Agricultural Policies.
In this section we examine the implications of the model for evaluating
the impact of various government policies on agricultural productivity. The

previous theory suggests that the productivity of LDC’'s agriculture will be

affected by policies that result on implicit or explicit taxation of the

sector. Evidence for a set of developing countries was presented in Table 1.
The nominal protection rate reported there is the multiple by which an index
of domestic agricﬁltural prices. has been raised by government policies above a
comparable index of international prices. These are Divisia indexes
constructed acrosé commodities. that represent between 60 and 80 percent of the
total value of agricultural output for each of the eighteen countries in the
series. The period analyzed covers the years 1960-84. The protection rates
include the price effects of both direct commodity price interventions and the
indirect agricultural price effects of real exchange rate distortions and
protection afforded_to nonagricultural commodities. The simple average total
discrimination against the sector amounts to 36 percent.

In general, the-effect of a policy can be described as a percentage
price wedge, that is, the difference between the expected demand price and the
expected supply price in the period when decisions about the techniques to use
are made, expressed as a percentage of the equilibrium price. We assume in
this study that prices are exogenous to the agricultural sector, so that the
price wedges created by various policies can be characterized as exogenous

price changes.
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To evaluate the effects of policy wedges on the agricultural
productivity of each country we multiply the elasticities of productivity by

the price wedges reported in Table 6. The elasticities of productivity,

equation (8), are evaluated at the mean of inputs for each country. Table 6

reports two price wedges. Column 3 presents the average effect of direct

government interventions, i.e. those aimed directly at the agricultural
outputs. The average price wedge due to all interventions for each country is
in column 4.

Elimination of commodity specific interventions would have increased
productivity in every country except those which have been subéidizing the
sector. In Brazil, Ghana, Korea and Turkey agricultural commodities seem to
have been subsidized, and the elimination of the subsidies would have meant a
reduction of expected prices received by farmers with the corresponding
downward shift of the production function in these countries. Indirect
interventions have acted to tax agriculture in every country except Portugal,
so that even in Brazil, Ghana and Turkey the total effect of all interventions
is to tax agriculture. Thus all countries except Korea would have experienced
an increase in productivity if all interventions had been eliminated. The
productivity increases would have ranged from 0.2 percent in Chile to 118

percent in Egypt.

o V. Summary and Conclusions
RO
v

In this study we shown evidence that price policies have had a significant
negative impact on agricultural productivity in a sample of eighteen
developing countries. The policies in question include both direct

agricultural price interventions and policies that have affected agricultural
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prices indirectly, such as trade and macroeconomic policies that distort
agricultural prices. " Recent studies by the World Bank indicate that if all
such policies had been eliminated over the study period, agricultural prices
would have fallen by 14 percent in Korea, but would have risen in all other
cogntries, by as much as 115 percent in the cases of Ivory Coast and Zambia.
The average price rise across countries would have been 56 percent. The
concern of this study is the productivity effect of these price changes,
measured as the percentage chénge in output for given levels of
tr;ditionally-measured inputs (land, livestock, machinery, fertilizer and
labor). The results of the analysis indicate that the price changes would
have increased this measure of productivity by 28 percent.

The theoretical basis for prices having an affect on productivity arises
from the effect that price expectations can have on the choice of technique by
producers, and on the incentives for discovering and adopting new knowledge.
While theré is considerable theoretical and empirical support in the
literature for the ideé that prices can affect innovation and/or efficiency
(and thus presumably productivity), there is no consensus as to whether this
effect is positive or negative. Our empirical results indicate a positive
productivity effect of output prices, and a negative effect of input prices,

supporting results previously obtained by Schmookler, Lucas, Binswanger and

others as opposed to the implications of studies by Leibenstein, Nelson and

Winter, Martin and Page aﬁd some others.

In order to establish the relationship between price expectations and
productivity, we-have estimated a cross-country production function for the
eighteen countries for 1960-1985. We used a variable coefficient

specification in which the production elasticities of such traditionally




21
measured inputs as land, labor and tractors are themselves functions of
expected prices (measured as five-year moving averages of realized prices) and
other technology-shifting variables. While a number of similar cross-country
agricultural production functions have been previously estimated, our study is
unique in using a variable-coefficient séecification with technology-shifting
variables as determinants of the variable coefficients, and in including input

and output price expectations as variables in the function. Our estimates of

production elasticities at the mean of the data are: 0.41 for land, 0.1l for

livestock, 0.13 for tractors, 0.06 for fertilizer and 0.24 for labor.
Compared with the previous studies, these -estimates are higher for land and
lower for 1ivestock, and within the previous ranges for other inputs.

The analytical approach permits the calculation of elasticities of
productivity with respect to each of the technology-changing variables.
Evaluaﬁed at the mean of data values for all countries, these elasticities
are: 0.50 for past output price expectations, -0.35 for past wage
expectations, -0.15 for past fertilizer price expectations, 0.18 for the stogk
of agricultural research, 0.07 for land quality, 0.72 for pefcent of land
irrigated, 0.15 for life expectancy, and 0.03 for schooling. Such estimates
as these are obviously of great interest in evaluating public policies related
to these vgriables.

The results of this study are important in demonstrating that taxation of
the agricultural sector in developing economies can have significént effects
on the productivity of resources employed in agriculture, as well as effects
on the amount of such resources allocated to agriculture. They underscore
Schultz’s contentions of decades ago that growth in agricultural output cannot

be explained satisfactorily by an analysis which is based solely on
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conventional inputs, and that policies that depress agricultural prices have a

negative affect on agricultural productivity.
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Table 1. Agriculturél Protection and Growth, 18 countries

Countries Years NPR® Production growth®

(%) €]

Argentina 61-85 -40
Brazil 66-83 -11
Chile 61-83. -25
Colombia 61-83 -33
Dominican R. .66-85 -40
Egypt 61-84 -53
Ghana 61-84 -17
Ivory Coast 61-82 -53
Korea 61-84 16
' Malaysia - 61-83 -18
Morocco 61-84 -31
Pakistan 61-84 -47
Philippines 61-82 -32
Portugal 61-83 -18
Sri Lanka 61-85 -49
Thailand 61-84 -41
Turkey 61-83 -36
Zambia 66-84 .-53

NNNPFNDNOWWPRFWLWERUENDNDNEHWEN
N OO~ 0000 O WN N ~J 0o 0o K

(a) NPR= nominal protection rate= (domestic price/border price)-1, adjusted
for exchange rate misalignment and protection to industry.
(b) calculated from FAO production indexes.
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Table 2. Least Squares Estimates of Equation (7), 18 countries?

Inputs

Land Livestock Machinery Fertilizer Labor Intercept

Linear terms ~0.564 -0.313 0.795 -0.647 1.485 0.458
(0.194) (0.300) (0.144) (0.161) (0.180) (0.217)
Interaction terms with
Output Price exp. -0.011 -0.051 0.025 0.003" 0.053
(0.036) (0.037) (0.018) (0.014) (0.017)
Expected wages - 0.032 -0.006 -0.008 -0.010  0.023
(0.014) ‘ (0.018) (0.011) (0.009) (0.012)
Expected fert. -0.082 0.012 0.037 0.015 0.055
(0.023) (0.029) (0.015) (0.016) f0.0lG)
Research 0.045 -0.064 0.014 -0.028 0.025
(0.015) (0.023) (0.013) (0.012) (0.016)
Land Quality . 0.006 - -0.001 -0.002 0.002 -0.005
(0.0004) (0.0007) (0.0003) (0.0003) (0.001)
Life Expectancy 0.013 0.014 -0.017 0.007 -0.019
) (0.004) (0.007) (0.004) (0.004) (0.005)
Irrigation 0.283 . -0.661 -0.132 0.308 0.371
(0.124) (0.193) (0.093) (0.095) (0.115)
Schooling -0.002 0.0003 0.003 -0.002 -0.0001

(0,0009) (0,001) (0,0007) (0,009) (0,001)
@ Based on 410 observations during the years 1351 to 1385, standard errors in parentheses, overall R%=0.33
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Productivity Elasticities (evaluated at the mean)

Productivity with respect to:
Output Price Expectations
Expected Wages
Expected Fert. Prices
Research
Land Quality
Life Expectancy
Irrigation
Schooling

.502
.355
.147
.180
.072
.152
.720
.026

[eNoNeNoNeNoNoNo]

Table 4. Production Elasticities (standard errors in parentheses)

Regression

Model Land Livestock

Machinery

Fertilizer

Labor

Variable Coeff. 0.411
(0.147)
-0.099

(0.027)

0.112
(0.036)

0.396
(0.036)

Fixed Coeff.

0.133
(0.033)
0.175
(0.022)

0.061
(0.067)

0.035
(0.021)

0.236
(0.039)

0.333

(0.028)

Table 5. Biasing Effects of Output Price Expectations

m\ i Livestock

Machinery

Fertilizer

Land
Livestock
Machinery
Fertilizer

0.132

-0.067
-0.200

-0.
-0.
0.

026
158
041
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Table 6. Estimated Productivity Changes from Elimination of Policies

Productivity
Price changes due changes due to
to elimination of: elimination of:

Country - Elasticity of Direct Total Direct Total
Productivity Interv. Interv. Interv. Interv.
with Respect %) (%) %) (%)
to Output
Price®

o

.787 51.45
.306 ' 3.82
.007 . 0.22
.368 | 18.26
124 : 8.35
.057 118.95
.630 . 7.97
.925 . 106.02
.328 : -18.75
.981 11. 21.30
.150 26. 7.01
.420° 32. 88. 13.81 37.32
.726 14. 46. 10.35 33.83
.766 29, 24, 22.61 18.80
.954 34. 99. 32.50 94.67
.902 46. 71. 41.68 64.08
.905 -1. 56. -1.62 50.84
.091 29, 115.1 2.65 10.51

Argentina,

' Brazil
Chile
Colombia
Dominican'R;
Egypt.
Ghana
Ivory Coast
Korea
Malaysia
Morocco
Pakistan
Philippiﬁes
Portugal
Sri Lanka
Thailand
Turkey

0
0
0
0
1
0
0
1
0
0
0
0
0
0
0
0
0

O o N H U N W 0

Zambia

2 Evaluated from equation (8), using estimated coefficients and mean value of
inputs for each country.
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