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Evading Farm Support Reduction via
Efficient Input Use: The Case of Greek

Cotton Growers

Christos J. Pantzios, Stelios Rozakis, and Vangelis Tzouvelekas

The present paper examines the importance that efficient resource use may have for cotton
growers under the current EU policy regime. To that end, input-oriented technical and
scale efficiency scores for a sample of 172 cotton-growing farms are empirically quantified.
The results suggest that cotton farms in the sample are not efficient mainly due to the
nature of the policy regime governing the sector throughout EU. By becoming efficient,
the co-responsibility levy will be reduced by 18.3% and farms may increase their profits

by 50.1% on the average.
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The measurement of productive efficiency in
farming activities has become the focus of a
rapidly expanding body of agricultural eco-
nomics literature.! Recently, this research has
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! Battese and Bravo-Ureta and Pinheiro provide a
detailed review of the relevant efficiency studies in ag-
riculture,

also been extended to the closely related issue
of scale efficiency—that is, the deviation of a
farm’s productivity from the maximum attain-
able one (e.g., Karagiannis and Sarris 2006;
Jaforullah and Whiteman; Wadud and White;
Featherstone, Langemeier, and Ismet; Llewe-
lyn and Williams). Naturally, the empirical
measurement of technical and scale efficiency
is an attractive research theme on its own, as
a primary objective in production economics
is optimal resource utilization. However, there
may be cases where achievement of optimal
resource use may also be advisable for addi-
tional reasons. One case may be policy re-
gimes where financial support is offered only
for a predetermined output level. Productive
units operating under such regimes may find
that pursuing optimal resource use may help
them to not only utilize their resources opti-
mally but also to preserve the support they
enjoy under the policy regime.

Agricultural policies are a typical example
of regulated regimes with provisions of max-
imum output levels for which farm support is
available. Within the European Union (EU),
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provisions referring to ceilings of output pro-
duced (or area cultivated) are included in
many EU regulations. As farm support (usu-
ally in the form of intervention prices) natu-
rally functions as a signal to individual farm-
ers 1o boost output, the actual way in which
such ceilings are imposed becomes a crucial
issue, for both farmers and policy makers in
the EU member states. Greek cotton produc-
tion is an illustrative case. The current EU pol-
icy regime imposes a production quota at the
country level for all cotton-producing member
states. Exceeding this aggregate quota results
in a reduction in the intervention cotton price
for all farmers. This mechanism, however, has
failed to restrain Greek cotton production.
Acting as price takers, individual producers
conceived the demand for their produce as
perfectly elastic and arranged their production
only according to the EU intervention price,
not the aggregate production quota. As a re-
sult, Greek cotton production has boomed
over the last twenty years despite the quota,
which in turn activated reductions in cotton
intervention prices. This has provoked loud
protests by the Greek cotton growers about
shrinking farm incomes over the last five
years.

According to FADN (Farm Accountancy
Data Network) statistics, farm incomes have
gradually deteriorated from 1,200-1,500 €/ha
in the 1990-92 period to 650 €/ha in 1997—
99. According to the Greek Ministry of Ag-
riculture, almost 60% of this reduction was
due to the fall in world cotton prices. World
cotton prices’ reflection on Greek cotton
growers fluctuated around a stable trend dur-
ing the 1990s. On the contrary, subsidies have
dropped more than 40%, whereas yield has
stabilized (outlier appearing in 1996 reflects
an exceptionally bad year for cotton cultiva-
tion). Farm income decrease (in Thessaly,
from more than 2,000 per ha to about 700 per
ha) is due to a 33% decrease in total sales
(constant values 1992) and to a 40% increase
in total costs. These trends continue until to-
day according to Eurostat statistics.

Both EU and United States cotton policies
that are both based on a subsidy scheme have
provoked significant protests, particularly in
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Brazil and in West African countries. Brazil,
which filed a complaint within the context of
World Trade Organization (WTO) in Septem-
ber 2002, claimed that the United States cotton
regime and in particular Step 2 of the farm’s
law Three-Step Competitiveness Program en-
couraged U.S. farmers to increase their pro-
duction, resulting in lower cotton prices
worldwide. Specifically, according to Brazili-
an claims, the estimated $3 billion in U.S. dol-
lars in annual subsidies provided to 25,000
U.S. cotton growers have resulted in losses of
about $1.5 billion U.S. dollars per year to pro-
ducers in Benin, Burkina-Faso, Mali, and
Chad (Laws; Institute for Agriculture and
Trade Policy). These four West African coun-
tries, which produce better quality cotton than
their U.S, and EU counterparts at a lower cost,
requested the abolition of such subsidies as
well as of smaller ones paid to European
(mainly Greek and secondly Spanish) produc-
ers. They also requested compensation for
losses incurred (mentioned in the Cancun draft
communiqué). African states have been sup-
ported by Brazil, which is demanding recog-
nition of the importance of cotton to the eco-
nomic development of the LDC and that
developed countries decrease to zero protec-
tion at the frontier, subsidies to farmers and
export support (three zero request). Right after
the Common Agricultural Policy (CAP) re-
view in 2003, a main decision about subsidies
decoupling came to respond to WTO confer-
ence. Especially concerning cotton, Greece ex-
ercised the right to moderate decoupling by
keeping 65% of cotton support in price sub-
sidy form and only 35% decoupled.

The implementation of the EU cotton pol-
icy regime on a more disaggregated basis (i.e.,
further allocating the country-level production
quota down to the county or even to the farm
level) counld offer a natural settlement of this
problem, at least domestically (Karagiannis
and Pantzios). As a matter of fact, such an
arrangement implemented after 2001 by the
Greek Ministry of Agriculture (triggered by
Regulation 1051/01, which replaced previous
regulations strengthening the stabilizer mech-
anism thus causing a sharp drop in the support
payable for all production) involved high ad-
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ministrative cost and even political conflicts,
making its application difficult. This paper of-
fers an additional suggestion that could also
help Greek farmers to evade reductions in cot-
ton intervention prices if the actual production
scale is above the optimal level: the improve-
ment of their technical and scale efficiency. In
the past, high EU-guaranteed cotton prices
have influenced the scale of production on
Greek cotton farms (Sapounas; Fousekis et al.)
by encouraging farmers to: (i) invest in mod-
ern equipment and expand production, (ii) use
water and chemical fertilizer excessively, and
(iii) divert even marginally productive land to
cotton farming.

On the other hand, high support prices rel-
ative to cost of production have assured
healthy returns for cotton-growing farms, in-
cluding those located in marginal areas oper-
ating in an inefficient way. Nonetheless, al-
though high support prices in the form of a
unit subsidy do not eliminate variability in
prices and therefore risk, they do increase the
expected returns to the farmers. This in turn
has resulted in willingness to produce more for
both risk-averse and risk-neutral producers.
That production growth in a vertical market
system like cotton was translated in increased
demand for inputs and probably into ineffi-
ciency related to their allocation in the pro-
duction process. Under these circumstances,
pursuing technical and scale efficiency may
assist Greek cotton growers in two comple-
mentary ways. First, it may yield substantial
cost savings, which could compensate for the
reduced intervention prices caused by exceed-
ingly high production levels. Second (and
more importantly), scale efficient production
may result in lower output levels, which in
turn may mitigate or even eliminate reductions
in the EU-guaranteed cotton prices if the ac-
tual production scale is above the optimal level.

In this context, the objective of the present
paper is to provide empirical evidence on how
optimal resource use may mitigate the income
losses that cotton growers in the county of
Karditsa (a representative cotton-producing
area in Central Greece) have suffered during
the last five years. To that end, recent meth-
odological developments in efficiency analysis
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suggested by Atkinson and Cornwell and ex-
tended later on by Ray and Reinhard, Lovell,
and Thijssen have been used to provide farm-
specific estimates of input-oriented technical
and scale efficiency in the context of a flexible
translog specification of the production fron-
tier model, These measures are used to esti-
mate average cost savings that could accrue to
farmers if they were technically and scale ef-
ficient. Then, utilizing a goal programming
model we attempt an estimation of the output
reduction that could have been achieved in the
broader area of our survey if farms had been
operating under these optimal efficiency lev-
els. Finally, this finding is used to compute
how much this lower production might have
reduced the penalty per ton that cotton farmers
have suffered in the period examined.

The rest of the paper is organized as fol-
lows. A brief overview of the Greek cotton
sector is provided in the next section. The the-
oretical underpinnings for the estimation of in-
put-oriented technical and scale efficiency, as
well as the goal programming model used to
generalize these estimates for the whole coun-
ty of Karditsa, are developed in the third sec-
tion. Section 4 presents the data and discusses
the empirical results. The policy implications
that emerged from our study are offered in the
fifth section. Concluding remarks follow in the
last section.

The Greek Cotton Sector

Traditionally, cotton growing has been a
prominent farming activity in Greece provid-
ing the primary input to a major domestic pro-
cessing industry (cotton ginners). During the
last two decades the sector has shown an im-
pressively rapid expansion. The acreage cul-
tivated with cotton almost doubled during the
1980s, reaching 240,000 ha in 1991, from only
120,000 ha in 1981 (i.e., year of the Greek
Accession into the EU), and kept expanding
during the 1990s to reach 430,000 ha in 1996.
The volume of cotton production swelled, ac-
cording to the Greek Cotton Board, from only
290,000 tons in 1981 to about one million tons
in 1996, Within the EU, Greece has thus be-
come the largest cotton producer, accounting
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for about 70% of the total EU cotton produc-
tion.

The sector’s rapid enlargement has mainly
been the result of past high support mecha-
nisms of the EU cotton regime. 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, since 1987 the EU has re-
placed this policy regime with an intervention
mechanism consisting of: (i) an intervention
price, (ii) an aggregate production quota,
called maximum gquantity guaranteed (MQG),
which is set at the country level, and (iii) a
reduction in the intervention price, called the
co-responsibility levy, which is applied to all
cotton farmers when the actual cotton produc-
tion of the country exceeds the predetermined
maximum quantity guaranteed.

-As a result of the initial favorable CAP
measures, cotton cultivation gradually became
the primary farm activity (and source of in-
come) for a growing number of agricultural
households (OTEX cotton oriented farms rose
from 2.5% of the total number of Greek farms
in 1987 to 6.3% in 1995). Farmers diverted
even marginally productive land to cotton cul-
tivation; invested in equipment (such as cotton
harvesters, irrigation systems, and water dril-
lings) and, in general, largely expanded their
scale of operation. Naturally, negative envi-
ronmental effects started to emerge as cotton
ranks high on the list of heavily polluting
crops; high levels of fertilizer residues have
been measured in cotton fields and the exces-
sive use of irrigation water appears to have
reduced underground water supplies to alarm-
ing levels.

‘In the wake of the latest reform in the CAP
cotton regime, production expansion is no lon-
ger associated with corresponding increases in
farm revenues. However, as the production
quota was imposed at the country level, indi-
vidual cotton growers routinely ignored it and
kept expanding their own production. Recent-
ly, cotton growers played a leading role in
loud farmer protests against the EU-imposed
cotton production quota claiming that it dras-
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tically shrinks their farm income in the face of
ever increasing production costs,?

Methodological Framework

For the measurement of efficiency in produc-
tion, two indices of technical inefficiency can
be defined radially according to whether one
adopts an output-expanding or an input-con-
serving approach (Kumbhakar and Lovell, pp.
46-48). The first one is the output-oriented
Debreu-type index, defined as the ratio of the
observed to maximum feasible output, given
the production technology and the observed
factor use. The second one is the input-ori-
ented Shephard-type index, defined as the ratio
of minimum feasible to observed factor use,
given the production technology and the level
of output produced. Figure 1 illustrates both
indices of technical inefficiency geometrically
in the single-input, single-output case. Let us
assume that farm / uses ¥ amount of factor x
to produce ¥ level of output at point A. In that
sense the farm in question is technically in-
efficient as it does not operate on its produc-
tion frontier, given by y = f(x). The output-
oriented index of this technical inefficiency is
defined as the ratio of the observed to the
maximum attainable output given at point D,
that is ZA/ED or $A($/M°) with 0 < 62 = 1,
Analogously, the input-oriented index of tech-
nical inefficiency is given by the ratio of op-
timum (point B) over the actual factor use, that
is yB/JA or (878)/%¥ = 6/ with 0 < ¢/ < 1.
Both indices of technical efficiency can be
obtained from the econometric estimation of
the stochastic production frontier (SPF) model
introduced independently in 1977 by Aigner,
Lovell, and Schmidt and Meeusen and Van der
Broeck. In this analytical framework the ag-
ricultural output is treated as a stochastic pro-
duction process of the following general form

4 ¥ = f(x; Blexp(v, — 89)

where f(-) is approximated by a translog pro-
duction function

? According to FADN data, unit cost of production
of cotton growers increased during the 19902000 pe-
riod in Greece by 18.3%.
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where ¥ is the actual output produced by the
ith farm, %, is the actual quantity of the j(k)th
input used by the ith farm, and B is a vector
of parameters to be estimated. The component
v; is a symmetric iid error term representing
random variation in output due to random ex-
ogenous factors, measurement errors of the de-
pendent variable, omitted explanatory vari-
ables, and statistical noise. The component
8¢ is a nonnegative error term representing the
stochastic shortfall of the ith farm’s output
from its production frontier due to the exis-

tence of output-oriented technical inefficien-
cy.?

Estimation of input-oriented technical effi-
ciency is possible within the above model
specification using the approach suggested by
Atkinson and Cornwell and extended later on
by Ray and Reinhard, Lovell, and Thijssen
{1999), In summary, the scale factor 8/ must
be calculated such that the bundle (8'%, ¥) be-

3 Farm-specific estimates of output-oriented tech-
nical inefficiency in the context of the SPF model can
be obtained using the conditional expectation of u, giv-
en g, and the predictors developed either by Jondrow
et al. or Battese and Coelli {(1988). To do so, one must
assume a specific statistical distribution for the one-
sided error term. As pointed out by Greene, neither the
ranking nor the composition of the top and bottom ef-
ficiency score deciles are sensitive to that choice. In
addition, Ritter and Simar suggest the use of a rela-
tively simple distribution such as the half-normal that
was adopted in our empirical study.
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comes a feasible and efficient projection of the
observed bundle (%, 3) on the production fron-
tier (point B in Figure 1). In the context of a
translog specification assuming that 62 = 0,
we get

(3) Iny =B, + 2 Bn%, + Ineh
=i

1 H "
+3 2 2 Bu(n £, + 1n 6]
F

=1 k=1

X (In %; + In 8)) + v,

Since under weak monotonicity output-ori-
ented technical efficiency should imply and
must be implied by input-oriented technical
efficiency, we set Equation (3) equal to the
output-oriented specification in Equation (2)
{Reinhard, Lovell, and Thijssen 1999).* Then
solving for 8/, farm-specific estimates of input-
oriented technical efficiency can be obtained.
According to Ray, in the context of the trans-
log specification, 8/ can be obtained from the
following relation (p. 191):

~E, + VE? = 2399)

) o= GXP( B
where E; = Z,[(3 In §)/(d Inx,)] is a local
measure of the returns to scale for the ith farm
and B = 3,3, B, is the sum of the second-
order parameters of the translog production
frontier in Equation (2). The input-oriented
technical inefficiency index obtained directly
indicates cost savings that are possible through
the elimination of these inefficiencies (Kopp,
p. 490).5 Specifically, the cost of production at
the technically efficient point B would be

(5) Cli=6f WX

e

.
[

3. wx, is the observed cost at

where C; = X, wX,

*For a detailed discussion of the propetrties of ef-
ficiency indices, see Russell (pp. 30-41) and Kum-
bhakar and Lovell (pp. 44—46),

5 This dual relationship between the input-oriented
technical efficiency index and total cost of production
is not valid for the output-criented technical efficiency
index except in cases where linear homogeneity in all
inputs holds (Fire and Lovell).
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point A. These cost savings are actually trans-
lated into profit increases given that farmers
maintain the same level of output produced
and thus face the same intervention price:

Aw = C, - Cl=( - 8) > wx,
)

The definition of scale efficiency is based
on the axiomatic approach of production eco-
nomics.® In the multiple-input multiple-output
case, it is measured as the ratio of the ray av-
erage productivity at the technically efficient
input scale relative to what is attainable (using
Frisch’s terminology) at the technically opti-
mal scale’ of production. In terms of Figure
1, the technically optimal scale of production
is obtained at point C, where average factor
productivity is maximized. For an input-ori-
ented measure of scale efficiency, we need to
compare average factor productivity at the
technically efficient point B with that at point
C.2 That is

30 ﬂi
505z ysel

(6) SE'= E
¢

If the underlying technology is approxi-
mated by a translog specification, Ray (p. 189)
has shown that:

1 —E,
B

(N o= exp(

and (p. 191)

¢ Excellent discussions on the axiomatic approach
in production economics are provided by Fire, Gros-
skopf, and Lovell (1983) and Banker, Charnes, and
Cooper.

7In Data Envelopment Analysis (DEA) literature
the point of maximum ray average productivity is
called the most productive scale size (MPSS). It can
be easily proved that at this point, returns to scale
equals unity (Ray, pp. 184—186). Fire, Grosskopf, and
Lovell (1988) and Fgrsund provide a thorough discus-
sion of this issue, as well as of the relation between
scale efficiency and scale elasticity.

% Similarly, for an output-oriented measure of scale
efficiency, one needs to compare average factor pro-
ductivity at the output-oriented technically efficient
point D with that attained at point C. That is, SEC =
3 = yO¥/ySgo.
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Figure 2, Precipitation Map of Greece and Karditsa County and rea of study in Thessaly
plain. All municipalities in the sample fall within 400-600 rainfall range

(1 — VE, — 2B69)?
2B

(8) SE!=-exp

If the matrix |B,| is negative definite, then
B < 0. This in turn implies that if the farms
in the sample exhibit decreasing returns to
scale, which is probably the case of the Greek
cotton farms, then making them scale efficient
would result in a reduction in their total cotton
produced, as 8f < 1.

The input-oriented scale efficiency index
does not possess a dual relation with cost of
production as does the corresponding technical
efficiency index. However, using relations (4),
(6), and (7) we can compute the output level
(¥f) at the scale efficient point, from an input
conservation perspective.? If indeed diminish-
ing returns to scale prevail, then it should hold
that 8% — 9% > (0 and ¥ — y® > (. These output

? Alternatively, we can compute y¥ by inserting
67%; into the production frontier model in (1) under a
translog specification.

reductions will reduce the corresponding co-re-
sponsibility levy imposed on all cotton growers
by the relevant Common Market Organization
{CMO). In order to compute the decrease in the
amount of co-responsibility levy, we generalize
the findings obtained from our sample survey
to the whole county of Karditsa.

To do so, each individual farm in the sam-
ple has been weighted according to its repre-
sentation in the county of Karditsa on the basis
of its crop mix. These weight-coefficients are
defined through a goal programming model
that was formulated based on the ideas devel-
oped by Ogryczak and Lahoda and Williams.
First, the whole county of Karditsa was divid-
ed into six homogeneous subregions (groups
of municipalities in Figure 2), according to
farm characteristics such as average size of
farms, labor force available, irrigated land per-
centage, and crop mix. In each one of these
six subregions, a goal programming model
was applied to assign to each farm in the sam-
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ple its relative weight coefficient so that all
other farms in the subregion are adequately
represented. Weights are calculated so that ob-
served aggregate data on the farm’s crop mix
are reproduced as closely as possible by the
model’s aggregate estimates. The goal pro-
gramming model has the following mathe-
matical form:

(9a)
(9b) st > S ANsyu+di—di=sF Vhe H
i

i

Min(max A — min A)

(9c) d; = pasf Yhe H
{9d) di = pist Vhe H
(e} min A < X, Vie N
(9f) A; = max A Yie N

where i € N are the farms in the sample, ki €
H is the farm crop group index in the subre-
gion, ! € L, is the individual crop within group
h, 5, is the value of crop / that belongs to the
corresponding group h for farm i, sf is the
observed value of crop ! in group A in the
subregion, and parameter p< is the percentage
of tolerated deviation from regional crop mix.
The positive variables are the weight coeffi-
cients for each farm (A)), the maximum and
minimum weight values (max A, min A) ap-
plied to all farms, and deviations (d,) for each
group at the subregion level.

The elements A used to define farm groups
were limited by the availability of aggregate
data at the subregion level. In the present model,
we used the total area under cotton cultivation,
the total area under cereals cultivation, and the
total irrigated and nonirrigated acreage. For each
of these elements an additional set of constraints
described in (9b) through (9d) was included in
the model. The optimization of the model ac-
tually minimizes the distance between maxi-
mum and minimum weight coefficient, aiming
at weights of the same order of magnitude. In
optimizing the model, there is a compensation
between the deviation tolerance and the differ-
ence between maximum and minimum weights.
For instance, if we aim at a minimal deviation
of 1% in the surface observed at the subregional
level for each element A, then the model will be
compelled to assign higher weights to some
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farms and to almost ignore others with a crop
mix different from the average subregional crop
mix. The minimal deviation used in this model
is set at 5%. In other words, the total acreage
cultivated by crop or group of crops (k) after
multiplication of individual acreages by the
weight coefficients should not deviate more than
5% from the subregional acreage cultivated by
the same crop or group of crops (h).

Once the reduction in the amount of the co-
responsibility levy is obtained, we can com-
pute thercafter the anticipated changes in the
surveyed farm’s total profits using the follow-
ing relation: '

J
(1) =f=[p, — (p. ~ pHIyf — 85 ; Wi
J
= [(p, — PIYf + PS¥§] — 0f Z Wi,
£

where p, is the intervention cotton price, p, is
the amount of the current co-responsibility
levy arising from excess cotton production
above the maximum guantity guaranteed im-
posed by the relevant CMO, and p? is the re-
duction in the amount of that co-responsibility
ilevy arising from the decrease in cotton pro-
duction in the county of Karditsa if farmers
operate at the technically optimal scale size.
The first term on the right-hand side is the
total revenues for cotton growers under the
current intervention price reduced by the
amount of the actual co-responsibility levy. It
is the same price at the observed level multi-
plied by the reduced level of cotton produced
attained at the technically optimal scale size.
The second term is the additional revenues due
to the reduction of the co-responsibility levy.
Finally, the last term measures the cost of pro-
duction by moving in the technically optimal
scale size point.

Data and Estimation

Data

The data used in this paper arise from a ques-
tionnaire survey of 172 cotton farms in the

county of Karditsa, located in the region of
Thessaly in Central Greece, for the 1997-98



Pantzios, Rozakis, and Tzouvelekas: Evading Farm Support Reduction via Efficient Input Use

Table 1. Summary Statistics of the Variables

563

Variable Mean SD Minimum Maximum
Output (kg) 22,736 17,139 2,000 94,500
Labor (hours) 1,728 1,587 131 8,574
Capital (*C) 3,655 1,232 675 12,354
Seeds (kg) 551 142 101 1,698
Land (stremmas®) 60 45 15 260
Specialization® (%) 209 14.2 42.3 100
Age (years) 53 7 37 70
Education (years) 8 0.39 7 10
Total assets (*C) 6,046 1,670 2,036 26,824
Land fragmentation (number of plots} 51 3.9 1 18
Off-farm income (*C) - 2,320 1,371 0 3,657

2 One stremma equals 0.1 ha.
* Measured using a Herfindhal index.

cropping vear. Thessaly is one of the major
agricultural regions of the country and histor-
ically it has been a prime area for cotton farm-
ing. Summary statistics of the key variables of
the surveyed farms used in the empirical anal-
ysis appear in Table 1. The surveyed farms
belong to 20 communities in the greater area
of Karditsa plain. These communities were se-
lected to adequately represent plain and semi-
mountainous areas of the region (Figure 2).
The 172 farms actually surveyed represent a
total of 16,260 farms situated in the plain and
semi-mountainous communities of Karditsa.

That is, on the average each farm in the sam-
ple represents about 100 farms. After the im-
plementation of the goal programming model
explained in the previous section and the es-
timation of their relative weights, we found
that some of them represent 500 farms (max-
imum weights) while others only 10 farms
(minimum) in the greater area of Karditsa. The
detailed picture of the weights per farm is pre-
sented in the form of a frequency distribution
in Figure 3.

In the stochastic production frontier model
in Figure 2, the dependent variable is the total

Group 6

Precipitation map of Greece.

Group 4

Group 5

Area of study : all groups in 400-600 rainfall range.

Figure 3. Farm Weight Frequency Distribution for the Surveyed Cotton Farms
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annual cotton production measured in kilo-

grams, while the independent variables in-

clude: (a) total labor, that is, hired and family
(paid and unpaid) labor related to cotton pro-
duction, measured in hours; (b) farm land de-
voted to cotton cultivation, measured in strem-
mas (one stremma equals 0.1 ha); (¢) total
amount of seeds used in cotton production,
measured in kilograms; and (d) total value of
purchased inputs (fertilizers and pesticides)
and cost of machinery repair used in cotton
cultivation, measured in euros.

In order to investigate the sources of input-
oriented technical and scale efficiency differ-
entials among farms in the sample, we have
regressed, in a second stage, their correspond-
ing efficiency scores against a set of relevant
demographic and economic variables using a
simple OLS as follows:®

(11) In Eff, = 8, + 2, §,In z, + o,
[

where Eff, is the efficiency index!! (technical
or scale) for farm i, z,, is the pth variable for
the ith farm used to explain efficiency differ-
entials, 8 are the corresponding parameters to
be estimated, and w is a usual iid error term.
It should be noted here that since both effi-
ciency measures are calculated rather than es-
timated in the first stage, it is permissible to
use them as explanatory variables in a second
stage under the assumption that the z variables
are uncorrelated with conventional inputs of
production (Reinhard, Lovell, and Thijssen
2002, p. 1056; Karagiannis and Sarris).!2

10 The second approach has gained greater popu-
larity among researchers, inasmuch as it has existed
since Timmer attempted to explain interstate variation
in technical efficiency in U.S. agriculture. The proce-
dure is now common practice and has been extensively
used when sufficiently rich data are available (Forsund,
Lovell, and Schmidt, p. 23; Tian and Wan; Reinhard,
Lovell, and Thijssen, 2002).

!l Since both efficiency indices are bounded be-
tween zero and one, they were transformed using the
logarithm function before the OLS estimation of (11).

2 Deprins and Simar; Kumbhakar, Ghosh, and
McGuckin; and Battese and Coelli (1995) initially ob-
jected to the use of technical efficiency scores as a
dependent variable in a second-stage regression. How-
ever, although their argument is valid for output-ori-
ented technical efficiency that is estimated in a first
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For the purpose of the present study the var-
iables used to explain efficiency differentials
among cotton growers in Karditsa are: (a} the
age of the farmer measured in years; (b) the
value of the farm’s total assets (comprised of the
value of mechanical equipment, cultivated land
and infrastructure) measured in euros; {¢) the
formal education of the farmer measured in
years of schooling; (d) the land fragmentation
measured as the number of plots cultivated with
cotton in each farm; (e) the “‘specialization” of
the farm measured by means of a Herfindhal
index calculated as HP = 3, (y5,)? with y;, being
the share of product m of the farm’s total pro-
duction; (f) the total off-farm income measured
in euros; and (g) five subregional dummies in
order to capture differences in the environmental
and physical conditions of cotton farms in the
sample.!3

Estimation Results

The ML parameter estimates and their corre-
sponding standard errors of the translog pro-
duction frontier in (2) are presented in Table
2. The majority of the estimated parameters
(11 out of 15) in the production frontier are
found to be statistically significant at least at
the 5% level. The estimated production fron-
tier satisfies all the regularity conditions,
namely positive and diminishing marginal
productivities, at the point of approximation.
Specifically, monctonicity conditions are sat-
isfied since all the marginal products are pos-
itive, while the determinants of the principal
minors of the bordered Hessian matrix alter-
nate their signs indicating diminishing margin-
al productivities. The estimated variance-ratio
parameter, vy, is positive and statistically sig-

stage, it is not true for input-oriented technical and
scale efficiencies that are calculated from the parameter
estimates of the stochastic frontier model. This is be-
cause output-oriented technical efficiency is assumed
in the first stage to be independently and identically
distributed, which contradicts its use as a dependent
variable in a second stage having a functional relation-
ship with the z explanatory variables. However, no
such assumption has been made for the calculation of
input-oriented technical and scale efficiency scores.

3 All variables except the regional dummies are
expressed in natural logarithms.
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Table 2. Parameter Estimates of the Translog
Stochastic Production Frontier for Cotton
Farms

Parameter Estimate SE
Constant —{.1378 (0.0612)%*
Labor 0.2833 (0.1039)*
Capital 0.2862 (0.1244)**
Seeds 0.1616 (0.0545)y*
Area 0.1544 (0.0454)*
Labor X capital —0.0506 (0.0930)
Labor X seeds 0.2333 (0.0920)**
Labor X area —-0.2103 (0.0883)**
Labor X labor 0.0591 (0.0266)**
Capital X seeds —-0.4328 (0.1608)*
Capital X area 0.1245 (0.1448)
Capital X capital 0.1984 (0.0526)*
Seeds X area 0.1889 (0.0912)**
Seeds X seeds —0.0828 (0.1268)
Area X arca 0.0926 (0.1211)
o? 0.1993 (0.0354)*
¥ 0.9369 (0.0502)*
In (0) —-16.516

* Significant at the 1% level.
*#* Significant at the 5% level.

nificant at the 1% level;'* its value implies that
84.35% of output variability is explained by
the corresponding differences in output-ori-
ented technical inefficiencies of the cotton
farms examined. Statistical testing further sup-
potts this argument, as the average production
function model was rejected at the 5% level
of significance using the likelihood ratio test.'?

Partial input elasticities with respect to out-
put, and the returns to scale (RTS), were com-
puted for each farm in the sample. Their av-
erage value and descriptive statistics are
reported in Table 3. Inspection of the table re-
veals that ceteris paribus, capital seems to
have the largest impact on cotton production,

14 Tt should be noted here that v is not equal to the
ratio of the variance of the technical inefficiency ef-
fects to the residual variance. This is because the var-
iance of u is equal to [(7 — 2)/m]o? not o2. The relative
contribution of the inefficiency effects to the total var-
iance term is equal to v* = y/{y + [{{1 — yw}(w —
2)]1 (Greene, p. 101),

15 The value of the likelihood ratio test is 34.65,
well above the corresponding critical value of the chi-
squared distribution obtained from Kodde and Palm
(Table 1).
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Table 3. Production Elasticities and Returns
to Scale of Green Cotton Farms

Mean SD Minimum Maximum
Labor 0.2777 0.0512 0.1270 0.4332
Capital 0.2992 0.0813 0.0063 0.5533
Seeds 0.1300 0.1009 0.0171 0.4169
Area 0.1715 0.0791 0.0319 0.4351
RTS 0.8784 0.0386 0.7846 09716

followed by labor, acreage cultivated, and
seeds used. All farms in the sample exhibit
decreasing RTS ranging from 0.9716 to
0.7846; the average RTS is found to be
0.8784. Statistical testing confirms the exis-
tence of decreasing returns to scale at the 1%
level of significance (the value of the respec-
tive LR-test is 46.23 with 5 degrees of free-
dom). This is due to the relevant policy regime
governing the sector, which induced an in-
crease in the cultivated area beyond the ca-
pabilities of the existing production technolo-
gy of Greek cotton farms. As also stated at the
outset, the EU cotton regime has induced cot-
ton growers to divert even marginally produc-
tive land to cotton farming.

Input-Oriented Technical and Scale
Efficiency

Input-oriented technical and scale efficiency
scores of the farms examined are shown in
Table 4, in the form of a frequency distribution
within a decile range. The table reveals that
the cotton farms in the sample show consid-
erable technical but only slight scale ineffi-
ciency. This implies that, primarily, Greek cot-
ton growers have not been successful in
optimally utilizing their inputs under the ex-
isting technology. More specifically, the com-
puted input-oriented technical efficiency has
an average value of 74.6%, implying that the
farms examined could have produced the ob-
served cotton quantity using on the average,
about 25% less input quantities within the cur-
rent state of technology. Moreover, technical
efficiency scores vary considerably across
farms, ranging from a minimum of 55.2% to
a maximum of 94.6%. Of the 172 farms in the
sample, only 65 (i.e., less than 40% of the
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Table 4. Frequency Distribution of Input-Ori-
ented Technical and Scale Efficiency

Input-Oriented  Input-Oriented

Efficiency Technical Scale
(%) Efficiency Efficiency
<20 0 0
20-30 0 0
30-40 0 0
40-50 0 0
50-60 16 0
60-70 51 0
70-80 40 0
80-90 51 1
>90 14 171

n 172 172
Mean 74.69 98.56
Minimum 5221 89.75
Maximum 94.62 99.99

farms examined) achieved input-oriented tech-
nical efficiency above 80%. This means that
the majority of the sample participants face
severe technical inefficiency problems.

Regarding input-oriented scale efficiency,
the average value is found to be 98.5%, rang-
ing from 89.7% up to 99.9%. In fact, only one
of the farms in the sample has a scale effi-
ciency score lower than 90%. This implies that
the average ray productivity of the cotton
farms examined would deviate from the max-
imum attainable one by about 1.5%, if they
operated under full technical efficiency. More-
over, for individual farms in the sample, the
deviation of ray productivity from the maxi-
mum attainable one would range from zero up
to 10.3%.

Sources of Technical and Scale Efficiency
Differentials

The results of the second-stage OLS regres-
sion used to explain technical and scale effi-
ciency differentials among sample participants
are reported in Table 5. Since both the depen-
dent and the explanatory variables (except for
the regional dummies) are expressed in natural
logarithms, these parameter estimates coincide
with the relevant elasticity values,

A positive relationship is found between
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technical and scale efficiency indices and the
farmers’ age. This is in accordance with the
notion that years of hands-on experience and
learning by doing are critical factors in deter-
mining individual performance, particularly in
crop production.'® However, the impact of age
on the degree of technical or scale efficiency
need not be monotonically increasing: that is,
young cotton producers may well be expected
to become more efficient over time, up to a
point where the relationship between age and
efficiency levels off; as they approach retire-
ment age, microeconomic performance de-
clines. This notion of decreasing returns to hu-
man capital is captured by the negative
relationship found between technical and scale
efficiency and age-squared (the relevant pa-
rameter estimates are —0.0857 and —0.0231,
respectively). A positive relationship is also
found between a farmer’s education and the
efficiency scores of his farm. This lends sup-
port to Welch's hypothesis about the “worker
effect” of education, that is, the notion that
education is a strong complement to most of
the inputs utilized in the production process.
Moreover, schooling may enhance the infor-
mation acquisition process and the efficiency
in the use of the acgquired information and thus
in the utilization of current agricultural tech-
nology.

Farm size (approximated by farm’s total as-
sets) ended up with a statistically insignificant
estimate in both equations. This implies that
farm size was not significant in explaining the
level of technical or scale inefficiency. Similar
findings concerning the possible relationship
between farm size and efficiency levels are re-
ported by other authors, although there are
studies reporting contradictory results (e.g.,
Kalaitzadonakes, Wu, and Ma; Romain and
Lambert; Amara et al.; Giannakas, Scheney.
and Tzouvelekas). It seems, therefore, that this
relationship is subject to the particular traits of
the sector under study. On the other hand,
farm specialization, measured by means of a

6 However, Weersink, Turvey, and Godah argued
that inexperienced farmers tend 1o acquire knowledge
about recent technological advances more easily than
their older counterparts.
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Table 5. OLS Regression Results of Input-Oriented Technical and Scale Efficiencies on Spe-

cific Farm Characteristics

Technical Efficiency

Scale Efficiency

Variable Estimate SE Estimate SE
Farmers® age (years} 0.5417 (0.1587)* 0.8547 (0.2069)*
Farmers’ age squared (years) —0.0857 (0.0105)* —-0.0231 (0.0024)*
Total assets (*C) 0.0007 (0.0011) —0.0009 (0.0010)
Farmers’ education {years) 0.2058 (0.0487)* 0.4058 (0.1036)*
Specialization (Herfindhal index) —0.7193 {0.3285)** —-(0.2695 {0.2369)
Land fragmentation {(number of plots) —0.2047 (0.0625)* —0.3698 (0.0852)*
Off-farm income (*C) -0.0012 (0.0006)** 0.0069 (0.0093)
Regional dommies
RD, 0.0418 (0.0054)* 0.0087 (0.0021)*
RD, 0.0152 (0.0061)* 0.0285 (0.0206)
RD, 0.0036 (0.0026) -0.0013 (0.0019)
RD, —0.0052 (0.0136) 0.0305 (0.1036)
RD; —0.0036 {0.0012)* —0.0021 (0.0009)**
R2 0.4698 0.4305

* Significant at the 1% level.
** Significant at the 5% level.

Herfindhal index,'” was found to be negatively
related with technical efficiency but not with
scale efficiency levels (i.e., the corresponding
parameter estimate ended up with a nonsig-
nificant value in the scale efficiency equation).
This finding implies that cotton farms that also
diversify to other farming activities appear to
be more technically efficient than farms highly
specialized in cotton production. This may
also reflect the fact that for farmers relying
almost exclusively on cotton, actual produc-
tion volumes basically shape their farm in-
come; thus they may tend to use inputs ex-
cessively in their effort to achieve as large a
crop as possible.

Land fragmentation, measured as the num-
ber of cotton plots on each farm, seems to
negatively affect both efficiency indices. Spe-
cifically, the higher the degree of farm

7 By construction, the Herfindhal index assigns
high values to farms specialized either in cotton or in
any other crop. However, our sample consists of farms
highly specialized in cotton production in the sense
that more than 60% of their total gross revenues is
earned exclusively from cotton farming. Hence, the in-
terpretation of our empirical findings refers exclusively
to cotton specialization and not farm speciatization in
general.

fragmentation into many plots, the lower the
scale and technical efficiency levels attained
by individual farmers. This negative relation
is however more in evidence for scale rather
than for technical inefficiency (the correspond-
ing parameters are —0.2047 and —0.3698, re-
spectively). Off-farm income is associated
with low technical efficiency scores but is not
related with scale efficiency levels. This find-
ing seems to support the hypothesis that off-
farm income reduces producer incentives to
generate the highest possible income from
farming. Finally, three out of five and two out
of five regional dummies are statistically sig-
nificant in the technical and scale efficiency
regression equations, respectively. Given that
our sample is highly localized, these regional
dummies can serve as a good proxy for the
general environmental conditions in each par-
ticular area of Karditsa. Therefore physical
factors, such as soil quality and weather con-
ditions, affect individual technical and scale
efficiency levels. Since environmental condi-
tions in the first two regions are favourable for
cotton cultivation and unfavourable in the fifth
region, the signs of the corresponding coeffi-
cients (RD,, ..., RD,) are rather expected.
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Table 6. Potential Profits Gains for Cotton Farms in Karditsa under Optimal Resource Use

in € in €/Stremma
Actual Profits (m4): 12,584 2104
TRA = (p, ~ p)y 26,747 447.3
cr = ; W, 14,163 236.8
Profits at Technical Efficient Input Use (%) 16,147 (128.3) 270.0
TR! = (p, — p)7 = TR4 26,747 (100} 4473
Cr=4e 5;3 w;%; 10,600 (74.8) 1773
Profits at Scale Efficient Input Use (mw5): 18,883 (150.1) 3158
Potential Revenues (TRS): 26,504 (99.1) 443.2
(P, — PIY* 25,675 (94.5) 4227
piy* 829 (4.5) 13.8
CS =6 ZJ: w;; 7,621 (53.8) 127.4

One stremma equals 0.1 ha. Numbers in parentheses are the corresponding percentage values relative to the observed

level of profits, revenues and cost,

Potential Profit Gains for Cotton Farms

The average input-oriented technical efficien-
cy score of 74.7% implies that on the average
the observed cotton output levels could have
been produced with 25.3% lower production
costs without altering the existing production
technology. Table 6 presents a detailed report
on the potential cost reductions and thus profit
gains from eliminating both input-oriented
technical and scale inefficiency from the cot-
ton farms in the sample. Actual cost of pro-
duction for the sample participants is calcu-
lated on the average to be 14,163, and total
revenues 20,747, As a result actual profits for
cotton growers in the sample are estimated to
be 12,584. If, however, cotton farms in Kar-
ditsa become technically efficient from an in-
put-conserving perspective (i.e., reducing in-
put use while maintaining the same level of
output), their potential total profits will be in-
creased by 28.3%. This increase will arise ex-
clusively from the associated reduction in the
cost of production, as total revenues will be
the same; cotton produced and thus interven-
tion price will remain unchanged. Specifically,
total cost of production will be decreased by
3,563 and thus total profits would be 16,147.
Therefore, reducing technical inefficiency
could substantially improve the economic vi-
ability of cotton farms.

If farms, apart from being technically effi-
cient, also attain scale efficiency, their total
profits will be further changed. That change
will stem from three sources: (a) the further
reduction in the cost of production (in terms
of Figure 1 input use and thus production cost
will be decreased from w-6/% to w-85%); (b) the
reduction in the total output produced (under
decreasing returns to scale, by moving to the
technically optimal scale of production, output
produced will be decreased); and (c¢) the in-
crease in cotton intervention price as total cot-
ton produced will exceed by a lesser amount
the maximum guarantee quantity imposed at
the country level. Thus, there are two positive
effects and one negative effect on farm’s total
profits. i the production technology is well-
behaved (i.e., positive and diminishing mar-
ginal products), as it is in our case, the positive
effects will always outperform the decrease in
total revenues due to reduced farm output level.

In order to compute the change in the pen-
alty imposed on all Greek cotton growers our
results are extrapolated for the whole county
of Karditsa using the goal programming meth-
od described in the previous section. Accord-
ing to these results, in the period 1997-98,
cotton output would have been reduced by
55,422 metric tons if all cotton-producing
farms in Karditsa County had been both tech-
nically and scale efficient. The potential re-
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Table 7. Potential Co-Responsibility Levy Reduction for All Greek Cotton Growers, 1997—

1998
Estimates If Karditsa
Cotton Growers Operate at
Variable Actual Data Technically Optimal Scale Size

1,085,488 Mt
782,000 Mt

Actual cotton production
Production quota (MQG)
Co-responsibility levy

0.15 aC/kg

1,030,065 Mt (—5.1%)
782,000 Mt
0.12 *C/kg (—18.27%)

duction of the co-responsibility levy (faced,
however, by all Greek cotton growers) is com-
puted in Table 7. In 1997-98, actual cotton
production in Greece was 1,085,488 metric
tons; the country’s production quota was set
at 782,000 metric tons; the target price was
0.97 €/kg; and the co-responsibility levy was
0.15 €/kg. In percentage terms, this co-respon-
sibility levy represents an 18.3% reduction in
the target price.

The actual Greek production exceeded the
predetermined production quota by 38.8% in
1997-98; it would have exceeded the produc-
tion quota by 31.72%, if the Karditsa county
cotton growers had been technically and scale
efficient. Since the actual exceeding of the
production quota by 38.8% resulted in an 18%
drop in the intervention price, simple algebraic
calculations suggest that if the Karditsa Coun-
ty cotton growers had been technically and
scale efficient, the intervention price (the co-
responsibility levy) would have been 0.12
€/kg in the period 1997-98. In other words, if
only the Karditsa cotton growers had been
both technically and scale efficient, the finan-
cial penalty (the co-responsibility levy) for all
Greek cotton growers would have been small-
er by 0.03 €/kg.

Using this penalty reduction we have esti-
mated the potential profits for the sample par-
ticipants; the results are presented in the lower
panel of Table 6. According to these estimates,
potential profits for the surveyed farms would
be 18,883, 6,299 higher than those currently
realized by cotton growers. More analytically,
28.3% (3,563) of these additional profits
would stem from being fully technically effi-
cient and the remaining 21.8% (2,736) from
moving to the technically optimal scale of pro-
duction (i.e., being scale efficient). Specifical-

ly, potential revenues would be slightly de-
creased to 26,504, of which 829 would arise
from the reduction in the co-responsibility
levy due to the reduction of cotton produced
in the whole county of Karditsa. On the other
hand, total cost of production would be 7,621,
decreased by 46.2% from its actnal level. Of
this reduction, 25.2% arises from the corre-
sponding decrease in inputs use by moving to
the technically efficient point of production
(point B in Figure 1), while the remaining
21.0% from moving to the technically optimal
scale of production (point C in Figure 1). This
significant decrease in the cost of production
outweighs the relevant reduction in total rev-
enues resulting in the final increase of farm
profits by 50.1%. In absolute terms potential
profits at the technically and scale efficient
point of production will be 315.8 per stremma,
which is 105 higher than those currently en-
joyed by the sample participants (210.4).

Policy Implications

Our analysis indicates that the benefits the
Common Agricultural Policy offered to Greek
cotton producers have come at a rather signif-
icant opportunity cost. Specifically, the satis-
factory farm income that the EU cotton regime
secured in the past for cotton growers (via ad-
ministrative prices, set well above world lev-
els) allowed them to disregard efficiency con-
siderations in the way in which they apply
their production technology. Nowadays, how-
ever, the resulting efficiency distortion is be-
coming a critical factor for Greek (and other
EU) cotton growers, for at least two reasons.
First, the EU itself has taken a course of grad-
ual reduction of its costly farm programs; thus,
ways to achieve cost savings are becoming in-
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creasingly important for the economic viabil-
ity of farming operations. Second, further lib-
eralization of the world agricultural markets
will only intensify competition, thus making
efficiency a major determinant for the survival
of cotton producing farms.

The considerable technical and scale inef-
ficiency in Greek cotton farming also becomes
important in light of the attitude Greek cotton
farmers have exhibited against the CAP cotton
regime: as already mentioned, they have re-
peatedly protested, claiming that their reve-
nues are severely reduced by the current EU
regime (outlined in section 2). This study in-
dicates, however, that instead of blindly de-
manding higher prices to secure their income,
cotton farmers could achieve a similar result
via cost savings stemming from the reduction
of their technical and scale inefficiency.’®

Thus, the primary policy suggestion deriv-
able from our study calls for Greek policy
planners to complement the current EU cotton
regime with structural policies that explicitly
induce cotton farmers to improve the technical
and scale efficiency of their operations. Such
measures can effectively address the difficul-
ties associated with the prospects facing Greek
cotton growers, outlined above. First, they can
implicitly induce Greek cotton farmers not to
exceed (or at least to exceed by less) the EU-
imposed, cotton production quota (MQG),
thus maintaining the level of EU support cur-
rently available to them, and their farm reve-
nue. Second (and perhaps more importantly),
such measures may prepare Greek cotton
growers to cope with future support reductions
in light of current and future CAP reforms and
increasingly integrated world agricultural mar-
kets.

Specific measures of such complementary

18 In a different analytical framework Karagiannis
and Pantzios show that full compliance with (rather
than consistent violation of) the country-level produc-
tion quota imposed by the current EU cotton regime
would make Greek cotton farmers better off. The em-
pirical results of the present study lend additional sup-
port to the view that Greek cotton farmers can maintain
their farm income by fully abiding to production con-
trols and reducing production costs via efficiency im-
provements rather than persistently demanding ever
higher administrative prices.
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structural policies may include those to im-
prove resource allocation skills of Greek cot-
ton growers. Our second-stage regression re-
sults suggest that human capital variables
(such as age and education) positively affect
the efficient use of a farm’s resources. Ac-
cording to human capital theory, innovative
ability is closely related to a farmer’s level of
education, experience, and information accu-
mulation—these characteristics are associated
with the resource allocation skills of farm op-
erators (Schultz). These resource allocation
skills are acquired or learned rather than in-
nate. Certainly policy measures cannot modify
a farmer’s level of education or the years of
his hands-on experience. Instead policy instru-
ments can be designed to alter farmers’ allo-
cative ability through the continuous transfer
of the necessary knowledge to those farmers
that require it most. This can be done through
on-farm extension visits, demonstrations, vo-
cational training, informative leaflets, and so
on, which can considerably improve farms’
human capital and thus their economic perfor-
mance.

Incentives are a second measure for cotton
growers to adjust the excessive scale of their
farm operations. According to our second-
stage results, human capital variables seem to
play an important role. However, what is also
important from a policy point of view is the
negative effect of the land fragmentation var-
itable on scale efficiency levels. In fact, it is
the most important determinant, apart from
human capital variables exhibiting a high elas-
ticity value. This finding suggests that a po-
tential reallotment of land in the county of
Karditsa could contribute to that direction. As
shown in Table 1, on the average each farm
in Karditsa cultivates cotton in five different
plots, which may be located far away from
each other. Contrary to other European coun-
tries, the existing legislative framework in
Greece allows the breakup of agricultural land
among family members, which through the
years has resulted in considerable fragmenta-
tion of farm operations throughout the coun-
try. Land reallotment is a feasible rural struc-
tural measure, which in turn could considerably
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improve individual farmers’ performance and
specifically their scale of operation.

In addition, cotton farmers can indirectly
face the land fragmentation problem by shar-
ing equipment with adjacent farms through the
“grouping of farms™ procedure that is eligible
for financial aid by the current CAP structural
funds. In Greece, informal forms of coopera-
tion based on extended family relationships
have prevailed and—administrative inertia
notwithstanding—the aforementioned possi-
bility has rarely been exploited. However,
these days several factors converge to activate
this option in Greece—the time to replace
equipment bought during the golden era of the
1980s has come. New investments can best be
undertaken by a group of farmers when fund-
ed through submitted business plans. In addi-
tion, the new availability of funds directed to
market support or compensation payments and
the Rural Development Initiatives are making
funding such actions feasible.

Another possibility is using measures to fa-
vor balanced cotton farming operations by dis-
couraging occasional or marginal cotton grow-
ers, but also farmers who base their farm
income on diversified farm production. Prod-
uct diversification and not farm pluriactivity
can improve the economic performance of
Greek cotton growers. The policy regime that
governed the sector until the early 1990z in-
duced cotton growers to convert even margin-
ally and low productive areas into cotton pro-
duction and to invest in modern equipment
inappropriate for cotton production, subsi-
dized at a significant cost by both the EU and
the Greek government (Sapounas). The recent
reform of the CAP towards decoupling farm
incomes, as well as the early retirement pro-
grams adopted recently throughout Greece,
will certainly positively affect the future
course of the sector. In line with that, Greek
authorities can help cotton growers in diver
sifying their farm operations towards a more
balanced growth of the rural economy of Kar-
ditsa County.

Immediately following the last CAP review
in 2003, the main decision about subsidies de-
coupling came in response to the WTOQO con-
ference. Especially concerning cotton, Greece
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exercised the right to moderate decoupling by
keeping 65% of cotton support in price sub-
sidy form and only 3% decoupled. This means
that the overproduction problems will persist
in the near future, as Greek cotton growers
will continue to base their decisions on the
price support scheme. Nevertheless, there is
scope for significant improvement through the
use of Rural Development Programs to re-
structure the sector in the coming years. Spe-
cifically, within the context of Rural Devel-
opment Regulation 1257/1999 as amended by
Regulation 1783/2003, several measures (2nd
Pillar) can be undertaken towards the restruc-
turing of farm operations to diminish their dif-
ficulties in achieving high efficiency and/or
productivity levels. In addition, the recent
CAP reform towards decoupled farm incomes
can also provide a positive framework for the
future development of cotton farming through-
out the EU.

However, since Member States have dif-
ferent options regarding implementation, the
degree of decoupling and the use of national
envelopes will have an impact on cotton grow-
ing. Hence, Member States who wish to sup-
port cotton farming should consider the factors
affecting farmers’ performance when imple-
menting the new rules. The existence of na-
tional envelopes gives the opportunity to each
Member State to deal with its own peculiari-
ties and structural difficulties regarding farm
operations so that cotton farming is main-
tained as a significant source of income in ru-
ral areas (CEC).

Concluding Remarks

Productive units operating with decreasing re-
turns to scale under policy regimes where fi-
nancial support is offered only for a predeter-
mined output level may find that pursuing
technical and scale efficiency is a decisive fac-
tor for the support level they enjoy. Greek cot-
ton production under the EU cotton regime is
an illustrative case. This paper examines the
importance that input-oriented technical and
scale efficiency may have for the support
Greek cotton farmers receive, in the context of
the current EU cotton policy. For this purpose
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we estimated econometrically the technical
and scale efficiency levels of a sample of cot-
ton growers in the representative, cotton-pro-
ducing county of Karditsa, located in Thessaly
in Central Greece, for the period 1997-98, In
addition, by utilizing goal programming we
computed the cotton output of Karditsa Coun-
ty if all cotton farming operations in the coun-
ty were both technically and scale efficient,

Our empirical findings suggest that, in gen-
eral, the cotton farms examined are technically
and scale inefficient. The high support policies
of the EU in the 1980s appear to have consid-
erably contributed to the inefficiencies ob-
served. Our analysis indicates that elimination
of these inefficiencies could result in consid-
erable gains; the cotton farmers examined
could reduce production costs by 50.1% by
becoming both technically and scale efficient.
Additionally, we estimate that if cotton farms
in the area examined were technically and
scale efficient, the intervention price reduc-
tions (co-responsibility levy) imposed by the
EU for excessive cotton production would be
smaller for all Greek cotton growers. Policy
recommendations derivable from our study
suggest that Greek policy planners should
complement the current EU coiton regime
with structural policies that explicitly induce
cotton farmers to improve the technical and
scale efficiency of their operations. Such mea-
sures can effectively mitigate the amount by
which Greek cotton farmers exceed the EU
imposed cotton production quota, thus main-
taining the level of EU support currently avail-
able to them, and their farm revenue. Second,
and perhaps more importantly, such measures
may prepare Greek cotton growers to cope
with future support reductions in light of fu-
ture CAP reforms and increasingly integrated
world agricultural markets.

{Received June 2005; Accepted May 2006.}
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