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ABSTRACT

Using recent advances in the stochastic production frontier framework, this paper presents
an empirical analysis of technical, allocative and economic efficiency of a sample of or-
ganic and conventional cotton farms located in Greece. The results suggest that both farm
types in the sample examined are technically, allocatively and economically inefficient.
Farmer’s age and education and farm size are important factors in explaining differentials
in efficiency estimates. In comparative terms, organic farms exhibit lower efficiency scores
vis-a-vis their conventional counterparts in terms of technical and economic efficiency;
regarding allocative efficiency both farm types are almost equally inefficient. Low effi-
ciency scores in both types of farming may be attributed to the respective intervention

policies of the last 20 years.
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Introduction

Cotton farming has been one of the most dy-
namic agricultural enterprises in Greece, char-
acterized by high output value, high farm in-
come and compelling export performance.
However, since the mid 1990s, cotton farming
in Greece has slipped into a worrying reces-
sion triggered by record-high levels in both
domestic and world supply and drastic reduc-
tions in the support policy of the European
Union (EU). With most of the agricultural sec-
tors across EU facing similar recession, exclu-
sive reliance on traditional protective policies

Vangelis Tzouvelekas is in the Departnent of Econom-
ics, University of Crete, Greece; Christos J. Pantzios
is in the Department of Economics, University of Pa-
tras, Greece; and Christos Fotopoulos is in the De-
partment of Farm Management, University of Ioanni-
na, Greece.

is no longer possible. Alternative strategies are
urgently needed to ensure the survival of ag-
ricultural enterprises. Such an alternative strat-
egy may be to introduce differentiation among
varieties of agricultural products on the basis
of their quality characteristics. Relatively re-
cently, the European Commission has encour-
aged products of designated origin (PDO) and
products of geographical indication (PGI) as
ways of promoting agricultural product differ-
entiation. Additionally, a prominent alternative
of product differentiation, which received con-
siderable attention within the EU over the last
15 years, is the use of organic farming prac-
tices in agricultural production.

Within the EU the differentiation between
organically and conventionally produced comn-
modities has already been institutionalized, as
the European Commission introduced in the
early 1990s a specialized framework (EU Reg-
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quota. The perspective of a trade liberalization
in the world agricultural markets (already ini-
tiated at the latest Uruguay agreement on in-
ternational trade) is expected to put additional
pressure on this EU cotton policy. In this rap-
idly changing environment {characterized by
drastic reductions in price support, increasing
competition and liberalization of trade flows),
the quality-based differentiaticn of cotton be-
comes an appealing alternative for dealing
with plummeting prices and surplus produc-
tion,

In principle, it is suggested that the differ-
entiation of cotton via organic cultivation
techniques could lead to considerable econom-
ic as well as environmental benefits. In partic-
ular: (i) organically produced cotton and its
subsequent use in textile may lead to the de-
velopment of niche markets and the differen-
tiation of its price relative to the price of con-
ventionally produced cotton, (ii) the
elimination of expensive chemical inputs from
cotton cultivation may lower production costs
and reduce extremely high yields, and (iii} or-
ganic cultivation of cotton may result in fa-
vorable environmental effects as it is well
known that conventionally cultivated cotton
ranks high in the list of heavily polluting
crops.

However, the application of organic tech-
niques in cotton growing is currently facing
considerable difficulties since the respective
know-how (organic fertilizing, biological con-
trol techniques) i1s incomplete or experimental.
These difficulties are reflected in the minimal
percentage of organically cultivated land that
is devoted to cotton growing. Specifically, the
organically utilized agricultural land (OUAL)
in Greece reached about 5270 ha in 1996, ac-
counting for 0.13 percent of total agricultural
land. Of the annual organic crops, cotton
showed a promising start as it was grown in
about 370 ha (31 percent of OUAL) in 1994,
Although this acreage plummeted to only 3
percent of OUAL (i.e., 153.6 ha) in 1996, the
acreage of fully organic cotton fields shows a
steady growth, rising from 2.5 ha in 1994 to
7.1 ha in 1995 and 16.5 ha in 1996. These
changes indicate that despite the aforemen-
tioned difficulties in organic cotton cultivation

methods a core of persistent organic cotton
growers has formed in Greece,

Regarding the policy on organic cotton
farming, it should be stressed that Greek or-
ganic farmers face the same regime as con-
ventional farmers; this means that, at the min-
imumn, they receive the price of conventional
cotton (which via the EU intervention price is
set higher than the world price). Any price
premiums they may receive are above the
price for conventional cotton. In addition, or-
ganic farmers receive financial aid in the form
of acreage-based subsidies via the EU Regu-
lation 2078/92. The basic idea behind such
‘organic’ subsidies is to help farmers cope
with lower yields and provide them with an
incentive to reduce intensive farming.® Eligi-
ble for this ‘organic’ financial aid are all or-
ganic farmers irrespective of the state (in-con-
version or fully organic) of their farm
operations.

Methodological Framework

The current interest in efficiency measurement
finds its origin in Farreli who explored the
concept of the production frontier. In his influ-
ential paper, Farrell showed that productive ef-
ficiency can be broken down into two coherent
components; the pure technical or physical
component and the allocative or price com-
ponent. The former refers to the ability of pro-
ducers to avoid waste of inputs by producing
as much output as the inputs at their disposal
permit under the current state of technology;
the latter refers to the ability of producers to
contrive an optimal allocation of the inputs
available in light of the prevailing output and
input prices. Thus, technical inefficiency arises
when actual or observed output from a given
input mix is less than the maximum possible;
allocative inefficiency arises when the input
mix is not consistent with cost-minimization.

In recent years considerable progress has
been made towards refining the production

*1In other words, the ‘organic’ financial aid subsi-
dizes the acreage devoted to organic cultivation not the
volume of actual production as is the case with sub-
sidizing prices.
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ulations 2092/91 and 2078/92) that allows the
certification—via inspecting organizations—
of commodities labeled organic. As a result,
organic practices in the cultivation of various
crops have spread across EU member-states,
while organic produce is becoming appealing
to consumers with food safety and environ-
mental concerns. Although organic farming is
a conceptually attractive alternative to conven-
tional farming, in practice the actual economic
performance of organic agricultural enterpris-
es remains largely an empirical question.

On the other hand, the importance of pro-
ductive efficiency in overall farm productivity,
economic performance, and competitiveness
has been increasingly recognized, especially in
the course of gradually liberalizing agricultur-
al markets. Although efficiency studies have
been published for several primary sectors in
various countries,' similar research on organic
farming practices is generally lacking. How-
ever, such empirical research is certainly war-
ranted. Typically, yields are known to decrease
{causing income losses) during several years
after converting into organic; thus, it is sug-
gested that organic cotton growers should re-
ceive an almost 40-percent price premium
over conventional cotton prices to cover such
income losses (International Cotton Advisory
Committee). Therefore, if organic farming
practices are socially and politically desired,
then research efforts to help organic farmers
improve their economic performance can have
important implications for their economic sur-
vival.

More exactly, if organic farm operations
exhibit considerable inefficiencies, their effort,
at least in the short-run, should be to increase
farm output (and thus farm income) by im-
proving the utilization of their inputs and their
allocation in the production process. On the
other hand, one cannot neglect the potential
improvements that could arise from narrowing
the gap of the technological disadvantage be-
tween organic and conventional farming prac-
tices. Still, studying the efficiency of organic

! For a detailed review of the most important stud-
ies see the surveys of Battese (1992), Bravo-Ureta and
Pinheiro and Coelii.

farms today can provide policy makers with
useful indications of the potential future
changes in the technological conditions of
such farms. This is because, irrespective of the
kind of technology adopted by the farmers, it
is equally important that this technology is uti-
lized efficiently.

The Greek Cotton Sector

Cotton growing has shown an impressive ex-
pansion in Greece during the last 20 years.
The sector’s rapid enlargement has been main-
ly the result of the early high support-mecha-
nisms of the Common Agricultural Policy
(CAP) of the EU. The acreage cultivated with
cotton was almost doubled during the 1980s
reaching 240 thousand ha (2.4 million strem-
mas?) in 1991, from only 120 thousand ha in
1981 and kept expanding during the 1990s,
reaching 430 thousand ha in 1996.

At the same time, the volume of production
has tripled: from only 290,000 tons in 198],
it swelled to about 1 million tons in 1996
(Greek Cotton Board). Average yields have
been among the highest, as Greece ranks fifth
worldwide in terms of cotton yields per hect-
are (Avgoulas and Koutrou-Avgoula). Within
the EU, Greece is the largest cotton producer,
accounting for almost 70 percent of the total
EU cotton production. Thus, cotton growing
has became the primary farming activity (and
source of income) to more than 100,000 Greek
farms.

Regarding the cotton policy regime faced
by Greek farmers, until 1986 the EU cotton
policy was a typical deficiency payment
scheme; the price received by cotton farmers
was based on a target price (higher than the
world price), predetermined annually by EU
authorities. Faced with high financial costs,
however, the EU has, since 1987, replaced this
policy regime with an intervention mechanism
consisting of (i) an intervention price, (ii) an
aggregate production quota, and (iii) a reduc-
tion in the intervention price (i.e., a levy)
when the actual aggregate production exceed-
ed the predetermined aggregate production

2 One stremma equals 0.1 ha.
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frontier methodology. Among the alternative
frameworks proposed, an attractive method-
ology is that suggested by Bravo-Ureta and
Rieger and Bravo-Ureta and Evenson.* Based
on the decomposition technique introduced by
Kopp and Diewert, they presented a model
which allows the measurement of both tech-
nical and allocative efficiency via the econo-
metric estimation of a single stochastic pro-
duction frontier function. Its basic idea is to
use duality and, in particular, cost-minimizing
input demand functions implied by Shephard’s
lemma to obtain estimates of allocative effi-
ciency. However, this approach requires the
use of a self-dual-functional form for the sto-
chastic production frontier in order to have an
analytically tractable solution for the dual cost
function. Nevertheless, its usefulness in cross-
section studies is still important, as price data
necessary for the estimation of the dual fron-
tier are usually lacking or insufficient.

A measure of input-oriented?® technical ef-
ficiency (Shephard-type) of a production unit
(say, a farm) i producing output y, via inputs
Xp j = 1, ..., k can be obtained by dividing
the technically efficient input vector by the ac-
tual input vector after weighing both by the
input prices as (Kopp):

k k
() TE[ =3, XEWJ/E xGW;
i '

f

where TE! is the farm-specific technical effi-
ciency, w, are the prices of inputs j = 1, ...,

4 The same approach has been also used by Shar-
ma, Leung and Zaleski in analyzing productive effi-
ciency in swine production in Hawaii.

3 Within the stochastic production frontier, model
technical efficiency can be defined in either an output-
expanding or input-conserving fashion (Kumbhakar
and Lovell, p. 6-7 and 46-48). The first one is the
output-oriented Debreu-type measure, which is given
by the ratio of the observed to maximum feasible out-
put, conditional on production technology and cb-
served input use. The second one is the input-oriented
Shephard-rype measure, which is given by the ratio of
minimum feasible to observed input use, conditional
on production technology and the level of output. The
use of input-oriented technical efficiency is necessary
for integrating properly Kopp and Diewert decompo-
sition technique with Battese and Coelli (1995) model
formulation,

k and xT, x* are the technically efficient and
actual input vectors, respectively; x7 is defined
as the optimal input vector given the farm’s
available technology.

Similarly, a measure of the farm’s input-
oriented economic (or cost) efficiency is ob-
tained as:

k K
(2)  EE! =2 xtw, [ 2 xtw,
J i

where, EE! is the farm-specific input-oriented
economic (or cost) efficiency, w, are the prices
of inputs j = 1, ..., k and x* and x* are the
economically efficient and actuwal input vec-
tors, respectively; x* is defined as the optimal
input vector, given input prices. Thereafter, ac-
cording to Farrell’s decomposition of econom-
ic efficiency, one can derive the farm’s input-
oriented allocative efficiency as the ratio of
economic efficiency over technical efficiency.®
However, unlike the actual input levels x%
which are directly observable, the technically
and economically efficient input levels x/ and
x} need to be computed before the efficiency
measures TE! and EE! became operational.

To that end, consider the general stochastic
production frontier of the farm in question,
written as:

3y = flx Blexp

where, y, is the observed output level, x is the
vector of inputs used in production, B is a vec-
tor of estimable parameters, and e, = v, — i,
is a stochastic composite error term. Its two
error components, v and #, are assumed to be
distributed independently from each other; v
represents a symmetric and normally distrib-
uted component capturing the effects of ex-
ogenous shocks and measurement errors and
u is a one-sided component representing the
stochastic shortfall of output from the farm’s
production frontier due to output-oriented
technical inefficiency (Debreu-type). As Kum-
bhakar, Ghosh and McGuckin and Battese and

& The same, however, is not true if output-oriented
technical efficiency is used (Kumbhakar and Lovell, p.
54).
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Coelli suggest, #; may be replaced by a linear
function of explanatory variables, reflecting
farm-specific characteristics. In that way, ev-
ery farm in the sample faces its own frontier
{(given the current state of technology as well
as its physical endowments), not a sample
norm (Hallam and Machado). Specifically, in
that formulation u; are non-negative random
variables, assumed to be independently dis-
tributed as truncations at zero of the normal
distribution (with mean p, and variance a?),
defined by (Battese and Coelli):

4) By = 8,z) + wy

where, z; are the explanatory variables asso-
ciated with technical inefficiencies of produc-
tion and &, are the associated parameters to be
estimated. These assumptions are consistent
with u, being a non-negative truncation of the
N(z;, 8, a?) distribution.” Further, the explan-
atory variables may also include some input
variables given that the inefficiency effects are
stochastic.?

Methodologically, the above model for-
mulation has two distinct advantages: firss, it
gives the possibility to identify some of the
reasons (such as managerial experience, own-
ership characteristics, etc) to explain differ-
ences in the predicted levels of inefficiencies
among farms in a single stage; second, the de-
composition of the composite error term does
not require Jondrow’s et al. predictor which
does not converge to the true estimates
(Greene, p. 81).

Choosing a functional form for the produc-
tion frontier in (3) and estimating it econo-
metrically via ML techniques allows the com-
putation as well as the decomposition of the
composite error term e; using the predictor
proposed by Battese and Coelli (1988). Fur-

? The distribution of the truncation of a general
normal distribution with unknown mean (p) to be es-
timated permits different inefficiency distributions than
the half normal to be accounted for. Distributions with
large negative and positive values of w are quite dif-
ferent (Battese, 1998).

8 This actually relates to Huang and Liu’s non-neu-
tral specification of the stochastic production frontier
model.

thermore, the model formulation above allows
the investigation of potential sources of inef-
ficiency differentials between the surveyed
farms in a single stage.® Thereafter, the farm’s
output adjusted for exogenous shocks (cap-
tured by v) can be computed as (y* = y, —
v;).19 The technically efficient input vector is
obtained by solving simultaneously equation
(3) and the observed input ratios x,,/x; = k;, I
=1, ..., N j= 2, ..., K at output level
*. For the estimation of the economically ef-
ficient input vector, the dual-cost function cor-
responding to (3) should be derived first. If the
functional form chosen for the stochastic pro-
duction frontier is self-dual, the corresponding
cost frontier can be derived analytically'' and
then, by using Shephard’s lemma, the input
demand functions can be derived. Evaluating
these input demand functions for y* yields the
economically efficient input levels, x£.

Data and Empirical Model

The data used in this study are part of a survey
undertaken by the Institute of Agricultural Eco-
nomics and Rural Sociology of the National
Agricultural  Foundation of  Greece
(N.AG.RE.F) on the cost of organic farm op-
erations vis-a-vis neighboring conventional

¥ A number of empirical studies have estimated sto-
chastic frontier models and then in a second stage at-
tempted to tdentify some of the reasons to explain dif-
ferences in the predicted levels of inefficiencies among
farms. This has been a useful exercise, suffering none-
theless by a considerable limitation: the two-stage es-
timation procedure is inconsistent in regarding is as-
sumptions on the independence of the inefficiency
effects in the two estimation stages. Thus, the two-
stage estimation procedure is unlikely to provide esti-
mates which are as efficient as those that could be ob-
tained using a single-stage estimation procedure
(Kumbhakar, Ghosh and McGuckin; Reifschneider and
Stevenson).

0 Estimates on v; are obtained after the economet-
ric estimation of the model using the predictor sug-
gested by Battese and Coelli (1988) for the decompe-
sition of the composed error term. Bravo-Ureta and
Evenson, Bravo-Ureta and Rieger and Sharma, Leung
and Zaleski used the same approach. However, all three
papers used the predictor suggested by Jondrow et al.,
and not that of Battese and Coelli (1988).

It For the analytic derivation of the cost function
in self-dual functional forms see Varian and Shepard.
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Table 1. Gross Revenues and Production Costs of Organic and Conventional Cotton Farms in

Viotia-Greece, 1995-96

Organic Farms Conventional Farms

1. Yield (kg/stremma) 218 300
2. Price (drachmas/kg) 296 289
3. Value of Production (1 X 2) 64,528 86,700
4. EU Reg.2078/92 (drachmas/stremma) 9,900 —
Gross Revenues 74,428 86,700
Drachmas/ Drachmas/
Production Expenses stremma %o stremma %
1. Land Rent 20,333 30.2 24,409 34.0
2. Labor 19,123 284 14,179 20.1
a. Family 7,729 5,283
b. Hired 5,873 1,787
c. Hired Mechanical 5,521 7.109
3. Fertilizers 2,870 43 3,899 55
4. Pesticides — — 2,959 4.2
5. Biological Control 113 0.2 — —
6. Fuel 5,809 8.6 5,700 8.1
7. Power 2,203 33 1,995 2.8
8. Seeds 2,571 38 3,107 4.4
9. Irrigation 1,128 1.7 1,625 2.3
10. Insurance 534 0.8 381 0.5
11. Organic Certification 982 1.5 — —
12. Interest on Variable Costs 1,969 2.9 2,001 29
13. Depreciation 9,660 14.4 10,273 14.5
Total Cost 67,295 00 70618 100
Gross Profit 7,133 16,082

The third and fifth column present the relevant percentage shares; one stremma equals 0.1 ha; average annual exchange
rate in 1996: 1 US$ = 240.7 drachmas; in the case of organic farms fertilizer is only organic, whereas in conventional

farms only chemical.

farms. The sample used here consists of 29 or-
ganic cotton farms located in Viotia county (in
the region of Sterea Ellada) during the 1995—
96 harvesting period.'? To be able to compare
our findings with conventional cotton farming,
we collected a second sample of 29 conven-
tional cotton farms with similar characteristics
(in terms of size, farm mechanization and com-
mercialization, farmer’s age and education)
from the same area. The survey provided de-
tailed information about production patterns,
input use, average yields, and gross revenues

2In Victia county organic cotton production has
been systematically applied since the early 1990s, us-
ing an almost homogenous technology; all organic cot-
ton farms included in the sample have been growing
organic cotton for at least three years.,

of the surveyed farms. A summary of this in-
formation is presented in Table 1.

Inspection of the table reveals that average
cotton yield is, at present, considerably lower
(about 27 percent lower) in organic farms. At
the same time, prices for organic cotton are
not en the average significantly different from
conventional cotton prices—although they
fluctuate widely across the examined farms,
ranging from 240 drs/kg (1 US$/kg) to 345
drs/kg (1.43 US$/kg). This fluctuation in pric-
es received for organic cotton is not surprising
given that the marketing channels for organic
cotton in Greece are still at an infant stage,
while consumers are not yet fully aware of the
benefits of using organic cotton in textiles.
The combination of significantly lower yields
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Table 2, Summary Statistics of the Variables

Organic Conventional

Standard Standard
Variable Mean Deviation Mean Deviation
Output (thousands Drachmas) 3,520 1,830 9,102 7,059
Area (stremmas) 53 40 98 81
Labor (hours) 75 429 521 311
Fertilizers & Pesticides (Drachmas) 8,646 3,667 6,830 4,113
Other Costs (thousands Drachmas) 461 384 1,420 1,280

and lack of considerable price premiums re-
sults in lower average revenues for organic
cotton farms, despite the additional subsidy of
9900 drsfstremma (411.3 US$/ha) to organic
cotton growers, via the EUJ Reg. 2078/92.

Regarding production costs, land, labor and
capital expenses appear to be dominant in both
types of farming, though at different levels. As
expected, labor expenses (family and hired) in
organic farming are much higher compared to
those of conventional farms, while the fertil-
izing expenses (organic fertilizer and biologi-
cal control costs) are remarkably lower in or-
ganic farms compared to conventional cotton
farms. Overall, however, the cost of producing
organic cotton does not appear considerably
different from the production cost of conven-
tional cotton; for the sample examined the to-
tal cost of organic cotton is only 5 percent
lower than that of conventional cotton. This
underlines the need to cope with the problem
of low profitability of organic cotton growers,
especially at the current stage where organic
cotton farming in Greece is at its infancy.

For the purposes of the present analysis,
the stochastic production frontier function
used to analyze the underlying technology of
the Greek cotton farms is specified to be of a
Cobb-Douglas form. That is:

4
(5) Iny =P8+ BInx, +v,—u and
i=1
M
ui = 6U + E Sm}‘Lmi + Wi
m=1

where, § = 1, 2, ..., N denotes cross-section
units (farm operations); j = 1, 2, ..., J de-
notes the applied inputs, m = 1, 2, ..., M

denotes the explanatory variables i.e., vari-
ables explaining differences in farm efficien-
cies among the units examined; v, is the clas-
sical error term capturing random noise and
measurement error in the production frontier;
w; is a random variable defined by the trun-
cation of the normal distribution with zero
mean and constant variance such that the point
of truncation is w, = —3;z,.

The list of variables (a summary of their
statistics is presented in Table 2) included in
(4) is as follows: y, is the annual organic (or
conventional) cotton production measured in
drachmas'?; x,; is the total labor, comprising
hired (permanent and casual), family and con-
tract labor, measured in working hours; x; is
the total amount of fertilizers and pesticides
applied in the production measured in drach-
mas (in organic farms this refers to organic
fertilizers and biological weed and pest con-
trol); x,; is the total area under organic or con-
ventional cotton cultivation measured in
stremmas, x, are the other cost expenses com-
prising the value of seeds, fuel, electric power
and interest on fixed assets measured in drach-
mas; [, is the farmer’s age in years; p,,; is
the farmer’s age in years squared; pLgy is the
farm’s size in stremmas; pg, is the farmer’s
education measured in years of schooling; pg.
is the farm’s stock of capital inputs (including
machinery, inventories and buildings) ex-
pressed in drachmas; pz,; is the share of fam-
ily labor expenses to total labor expenses.

" We expressed the dependent variable in mone-
tary units (drachmas) instead of physical units (kilo-
grams) in an aftempt to incorporate into the analysis
the quatity difference between organic and convention-
al cotton as that is reflected in their market price.
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Table 3. MLE of the Cobb-Douglas Stochastic Production Frontiers for the Crganic and Con-
ventional Cotton Farms in Viotia-Greece, 1995-96

Organic Farms

Conventional Farms

Standard Standard
Parameter Estimate Error Estimate Error
Stochastic Frontier Model
by 0.422 (0.062)* 0.129 (0.018)*
b, 0.010 (0.006)%** 0.065 (0.043)***
b 0.139 (0.078)** 0.096 (0.032)*
b, 0.616 (0.351)** 0.688 (0.072)*
b 0.095 (0.032)* 0.159 {0.050)*
Returns to scale 0.860 1.008
Inefficiency Effects Model
3, 0.005 (0.002)* 0.141 (0.029)*
B -0.010 (0.003)* —0.001 (0.000)**
b6z 0.000 (0.000)*** 0.000 (0.000)*=*
Bix —-0.047 (0.029)yk** —0.206 (0.092)*
Bep -0.052 (0.021)* -0.050 (0.034)***
B 0.050 {0.039) —0.042 (0.038)
Bro 0.049 {0.061) 0.001 (0.009)
d=Vaol+ gl 0.186 (0.084)** 0.561 (0.241)**
3 = ool 0.927 (0.236)* 0911 {0.326)*
In{@) —40.541 ~11.332

L: labor; F: fertilizers and pesticides; S: seeds; A: acreage; C: other cost expenses; AG: farmer’s age; AG2: farmer's
age squared; SZ: farm’s size in stremmas; £ farmer’s education; SC: farm’s stock of capital; FO: share of family

labor to total labor expenses.

* Significant at the 1% level; ** significant at the 5% level; *** significant at the 10% level.

Following Zellner Kmenta and Dreze, cot-
ton farmers are assumed to be price takers
maximizing expected profits and facing ex-
ogenous output and input prices. Based on
these assumptions the production function
specified in (5) can be consistently estimated,
separately for the organic and conventional
cotton sample, using the maximum likelihood
technique.

Empirical Results

Production Structure

The maximum likelihood* estimates of the
Cobb-Douglas stochastic production frontiers

and the inefficiency effects models for the or-
ganic and conventional cotton farms are pre-

14 The estimation of the stochastic frontier models
was carried out using the FRONTIER 4.1a computer
package, kindly provided by T.J. Coelli.

sented in Table 3. Even though the logarithmic
value of the likelihood function is small, it is
rather satisfactory considering that we deal
with cross-section data, normalized around the
sample means prior to ML estimation. The ra-
tio parameter's, vy, is statistically significant at
the 1-percent level, implying that farm-specif-
ic efficiency is likely to be highly significant
in explaining the total variability of organic
and conventional cotton produced. Further, the

13

5Tt must be pointed out that ... v is not equal
to the ratio of the variance of the technical inefficiency
effects to the residual variance. This is because the
variance of u, is equal to [(w — 2)/w]o? not o2 The
relative contribution of the inefficiency effects to the
total variance term {(y*) is equal to v* = v/{v + [(1
— y)m/(w — 2}]}° (Coelli, Rao and Battese, p. 188).
In our case, the computed values of the variance-ratio
parameter (y*) imply that 82.2 and 78.8 percent of the
differences between the observed and the maximum
frontier output for organic and conventional cotton
farming, respectively, are due to the existing differenc-
es in efficiency levels among farmers,
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Table 4. Hypotheses Testing for the Ineffi-
ciency Effects Model

Calcutated
Likelihood Ratio
Statistic
Conven-
Null Organic tional Tabulated )2
Hypothesis Farms Farms (o = 0.05)
Hyvy=3%,=0 2817 3524 xi= 1551
Hyvy=20 13.58 2082 xi=599
Hp8,=0 18.09 1740 3 = 14.07

statistical significance of modeling farm ef-
fects is examined using likelihood ratio tests.
The results of the statistical testing are pre-
sented in Table 4. The first null hypothesis,
which specifies that the inefficiency effects are
absent from the model, is strongly rejected.
The second null hypothesis which specifies
that the inefficiency effects are not stochastic
but are directly included in the production
frontier mode! is also rejected. Finally, the
third hypothesis which assumes that the inef-
ficiency effects are not a linear function of the
variables considered hercin is also rejected.
This indicates that the joint effects of these
explanatory variables on the inefficiencies of
production is significant although the individ-
val effects of one or more variables may not
be statistically significant (i.e. 8¢ and 8).
Hence, the inefficiency effects are clearly sto-
chastic and are not unrelated to the age, the
level of formal education of farmers, and the
farm’s size.

Regarding the parameter estimates, all four
are statistically significant in both models. In
both types of farming, land is the foremost
significant input exhibiting the highest elastic-
ities values though at different levels (0.616
and (0.688 in organic and conventional farms,
respectively). For the rest of the applied in-
puts, however, their significance in cotton pro-
duction differs between the organic and con-
ventional practices. The existence of potential
differences between the two farming practices
was also tested by estimating the production
frontier function jointly including dummy var-
iables for each method of cultivation. The val-

ue of the corresponding likelihood-ratio test
was found to be 47.8, considerably higher than
the corresponding tabulated value of the chi-
squared distribution at the 1-percent level of
significance. Returns to scale were found to be
close to unity for conventional farms (1.008)
and clearly diminishing for organic farms
(0.860). Based on restricted maximum likeli-
hood estimation, the hypothesis of constant re-
turns to scale is accepted for conventional cot-
ton farms, while for organic farms the relevant
hypothesis is rejected.

From the parameter estimates of the Cobb-
Douglas production frontier reported in Table
3, the parameters of the corresponding dual-
cost functions (for both methods of cultiva-
tion) can be recovered. Specifically, the dual-
cost frontiers for organic and conventional
cotton production are:

In Cyy = 4.705 + 1.032 In Y%,
+ 0.001 In w, + 0.143 In w,
+ 0.636 In w, + 0.122 In w,

organic farms

In Co, = 11.164 + 0.942 In V3,
+ 0.061 In w, + 0.090 In w,.
+ 0.648 In w, + 0.150 In w,

conventional farms

where, w; indicates the price per unit of input
utilized in the production of organic and con-
ventional cotton ({ = L, F, A, E where L: la-
bor; F: fertilizers and pesticides; A: area; C:
other cost expenses) and Y is the organic (or
conventional) cotton production level, adjust-
ed for the statistical and measurement errors
captured by v,

Economic Efficiency

The estimated farm—specific, technical, allo-
cative, and economic efficiency—measures for
both methods of cultivation are presented in
Table 5, in the form of frequency distribution
within a decile range. Regarding technical ef-
ficiency, the table reveals that, on the average,
conventional cotton farms are 80.4 percent ef-
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Table 5. Frequency Distribution of Technical, Allocative and Economic Efficiency Ratings of
the Organic and Conventional Cotton Farms in Viotia-Greece, 1995-96

Technical Efficiency

Allocative Efficiency

Economic Efficiency

Range % Organic Conv. Organic Conv. Organic Conv.
<20 0 0 0 0 0 0
20-30 1 0 0 0 1 0
30-40 2 0 0 0 2 2
40-50 2 2 0 0 4 4
50-60 3 3 3 1 13 5
60-70 4 3 5 6 6 10
70--80 4 4 7 7 3 7
80-90 o 6 8 9 0 1
90-100 7 11 6 6 0 0
Mean 71.63 80.40 80.25 82.04 57.48 65.96
Min 26.83 43.24 55.91 58.48 21.46 33.26
Max 98.39 99.98 99.15 99.01 72.70 82.57
t-statistic 6.568 0.214 5.268

ficient in utilizing their technology; on the oth-
er hand, organic cotton farms are on the av-
erage 71.63 percent efficient in utilizing their
own (organic farming) technology. In addi-
tion, a t-test on the statistical difference be-
tween the average technical efficiency scores
in the two samples showed that there is indeed
a statistically significant difference in the av-
erage technical efficiency between organic and
conventional cotton farms.'* Furthermore, the
variation of efficiency ratings is much lower
in conventional farms; almost 72 percent of
them exhibit an efficiency score between 70
and 100 percent, whereas in organic farms the
corresponding figure is only 58 percent. It
must be pointed out, however, that the lower
technical efficiency estimates of organic farms
should not be interpreted as an advantage of
conventional farming practices over organic
ones. Since both samples bave similar char-
acteristics (size, location, mechanization,
farmer’s age and education), these differences
may simply mean that organic farmers are fac-

16 The null hypothesis that there is no difference
between the computed efficiency estimates for each
method of culitivation was tested using the t-test ¢ =
(For — ¥V 8 hiinge) + (Shing,). where X, §7 and
n, are the mean, standard deviation and sample size of
the efficiency estimates for organic and conventional
farming (Maddala, 1992).

ing more difficulties than their conventional
counterparts in exploiting fully the potential of
the existing state of technology. Indeed the
lower technical efficiency matches with the
fact that organic farming practices have been
only recently introduced in Greece, the re-
spective know-how 1is currently incomplete or
experimental, and extension services are large-
ly absent.

Regarding allocative efficiency, organic
farms appear to be on the average 81.25 per-
cent efficient, whereas conventional farms are
82.04 percent. However, a t-test on the signif-
icance of the observed difference between the
average allocative efficiency scores showed
that this difference is statistically insignificant;
in other words, both organic and conventional
cotton farms seem to achieve, on the average,
similar allocative efficiency levels in using
their respective inputs. It may be noted that
for organic farms the estimated average allo-
cative efficiency is well above the average
technical efficiency, implying that organic cot-
ton growers have achieved a better allocation
of their inputs given output and input prices.
Nevertheless, it is still feasible to reduce cost
by a further input re-allocation. Similarly, con-
ventional farms exhibit an average allocative
efficiency higher than their average technical
efficiency by almost 2 percent. The higher av-
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erage allocative estimates in both types of cot-
ton farming are rather logical considering that
it is easier for farmers to make adjustments
and operate closer to cost-minimization con-
ditions rather than fully use the existing state
of (conventional or organic farming} technol-
ogy. In total, economic efficiency was also
found to vary significantly between the two
methods of cotton cultivation; average eco-
nomic efficiency was 54.21 and 61.97 percent
for organic and conventional cotton farms, re-
spectively. The significantly lower average
economic efficiency for organic cotton farms
is mainly due to their lower degree of tech-
nical efficiency. This implies that relatively
more cost savings may be achieved by im-
proving technical rather than allocative effi-
ciency, although considerable savings could be
realized by improving both. This is a rather
important finding as currently the fiscal cost
for supporting cotton farming is quite high
within the EU.

Concerning the sources of these efficiency
differentials among sample participants, the
estimates of the inefficiency effects model pre-
sented in Table 3 imply the following: the age
of the farmer as a proxy of entrepreneurial
skill level is an important factor in explaining
technical efficiency variation in both methods
of cultivation; the negative value of the
squared term underlines the notion of decreas-
ing returns to human capital. Farm size is pos-
itively related to efficiency levels and it is
more evident in conventional farms. Similar
findings concerning the possible relationship
between farm size and efficiency levels are re-
ported by other authors (Seale; Hallam and
Machado) although some studies report con-
tradictory results (Taylor, Drummond and Go-
mes; Bravo-Ureta and Evenson). Recently,
Kalaitzadonakes, examining New Zealand’s
beef and sheep sector, argued that protection-
ism can have a positive effect on efficiency
and thus on productivity growth only in small
farms with small capital stock that face low
prices; for large farms protectionism tends to
generate technical inefficiencies and thus pro-
ductivity losses. Although this finding is based
on neo-classical theoretical rigidities it may be
assumed that the relationship between farm

size and economic efficiency is subject to the
peculiarities of the sector and of course on
particular policy support measures. Education
also has a positive significant part to play in
determining efficiency differentials among or-
ganic and conventional cotton farmers, indi-
cating that Weilch’s hypothesis about the
“worker effect” is supported by the current
data set. Given that education is a strong com-
plement to most of the inputs utilized in the
production process—such as chemical or or-
ganic fertilizers and pesticides, irrigation, me-
chanical equipment and high-yielding varie-
ties—its importance is indispensable. Finally,
a farm’s stock of capital and the share of fam-
ily to total labor expenses does not seem to
have any conjunction with the existing level
of efficiency.

For the low efficiency scores in both or-
ganic and conventional cotton farms one
should seek an explanation in the relevant pol-
icy scheme governing the sector the last 20
years. The EU intervention policy applied to
the Greek cotton sector since the country’s ac-
cession into the EU in 1981 induced cotton
farmers to increase production but prevented
them from operating under laissez-faire con-
ditions. This lack of competition and entrepre-
neurial motives apparently has made Greek
cotton farmers less responsive to market sig-
nals. Moreover, although EU-subsidizing
schemes in the form of unit subsidy did not
eliminate variability in cotton prices and,
therefore, risk, they did increase the farmers’
expected returns. This in turn enhanced the
willingness of both risk-averse and risk-neu-
tral producers to produce more. In a vertical
market system framework, this is translated
into increased demand for inputs and probably
to inefficiency related to input allocation in the
production process. In other words, although
protectionism may stimulate investment and
new technology adoption, efficiency may de-
crease particularly when subsidized farm pric-
es are high (Mundlak; Tzouvelekas et al.).

Regarding the adoption of new technolo-
gies, farmers facing poor extension services,
inadequate know-how, and in some cases
farmers with low literacy rates have great dif-
ficulty understanding technological innova-
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tions and of course exploiting their full poten-
tial (Feder, Just and Zilberman). In our study,
this is well manifested by the low technical
efficiency scores of both conventional and or-
ganic farms which still have significant room
for improvement. Indeed, on the average, the
organic and conventional farmers examined
can improve their performance (in terms of
raising their technical efficiency) by almest 30
and 20 percent, respectively.

Concluding Remarks

Recent developments in world agricultural
markets and the reforms in the Common Ag-
ricultural Policy of the EU clearly signal that
continuation of the highly protective policy
schemes enjoyed by the Greek cotton farmers
during the last two decades is no longer pos-
sible. Hence alternative strategies to sustain
the economic viability of the sector are ur-
gently required. Lately the concept of organic
cultivation has been suggested as a promising
alternative to cotton farmers. In this paper we
attempt to draw some conclusions about the
current technical, allocative and economic ef-
ficiency of a sample of Greek organic and con-
ventional cotton farms using the stochastic de-
composition methodology.

Qur empirical findings suggest that, in gen-
eral, organic and conventional cotton farms in
the sample examined are techmically, alloca-
tively, and economically inefficient. High sup-
port policies applied to cotton production after
Greece’s accession into the EU might be re-
sponsible for the current level of inefficiency
(price subsidies still constitute a significant
part of farm gross revenues in both the organic
and conventional farms). Costless output (and
thus income) increases may, however, be ob-
tained by optimizing input use; larger gains
may be achieved by improving technical effi-
ciency. In comparative terms, conventional
cotton farms seem to exhibit higher efficiency
scores vis-a-vis their organic counterparts par-
ticularly in technical efficiency. The underly-
ing reason seems to be the difficulties faced
by organic farmers in exploiting fully the po-
tential of the existing organic farming tech-

nologies given the recent introduction of or-
ganic farming practices in Greece.

In addition to the productive inefficiencies
exhibited by Greek organic cotton farms it is
also worth noting that currently there are no
established price premiums for the organic
cotton produce; in the sample examined, price
premiums received by organic cotton growers
ranged anywhere from zero up to the rather
high level of 50 drachmas per kg above the
conventional cotton price. This is because es-
tablished channels for the explicit marketing
of organically grown cotton as an organic
commodity do not yet exist in Greece. Cer-
tainly, this is another direction wherein there
is scope for further improvements. It is evident
therefore that the national and EU institutions
should primarily begin to set up conditions for
the improvement of the farming technologies
for organically produced cotton, coupled with
efforts 10 develop specialized organic market-
ing channels. Measures aiming at the improve-
ment of organic farm efficiency (i.e. extension
services to improve farmers’ know-how, pro-
vision of the necessary infrastructure) should
be chosen over the existing subsidization
schemes in designing policies for the enhance-
ment of the organic farming sector, This will
prove beneficial in maximizing the anticipated
benefits of any future change in the techno-
logical conditions of organic farming practic-
es.
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