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AN APPLICATION OF DATA ENVELOPMENT ANALYSIS

he non-parametric

method initiated as

Data Envelopment
Analysis (DEA) by Char-
nes, Cooper and Rhodes
(1978, 1979, 1981) is ba-
sed on Farrell’s propo-
sed activity analysis.
It provides an alternative
to the parametric ap-
proaches used to make
estimations of frontiers in
€conomics.
In contrast to the parame-
tric approaches DEA does
not require that we make
any assumption about the
functional form or about
the use of prices for the
aggregating of inputs and
of outputs of a production
unit.
Consequently DEA as a
method is particularly at-
tractive in the case of mul-
tiple-output and multiple-
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ABSTRACT

Data Envelopment Analysis is an operational research procedure aimed
at measuring the relative efficiency of production units mainly in the
non-market sectors of the economy.

This procedure is applied in agriculture and specifically in the dairy sec-
tor which displays the characteristics required in the empirical applica-
tion of the procedure.

Farm management data from 86 dairy farms are used for the application
of the DEA. Each farm is taken as a Decision Management Unit (DMU)
the relative efficiency of which is measured.

The solution of the model demonstrates that fifty six farms are relative-
ly efficient while indicating the necessity to reorganize the thirty re-
maining units to improve their efficiency.

RESUME

L’Analyse d’Enveloppement des Données est une procédure de recherche
opérationnelle visant a mesurer l'efficience relative des unités de pro-
duction dans les secteurs non-marchands de I'’économie.

Cette procédure est appliquée en agriculture et notamment dans le
secteur laitier qui présente les caractéristiques requises pour l'application
empirique de la procédure. On utilise les données de la gestion de 86 en-
trepriscs laitiéres pour I'application de I'’AED. Chaque entreprise est con-
sidérée une Unité de Gestion Décisionnelle (UGD) dont on mesure l'effi-
cience.

La solution du modeéle fait ressortir que ciquante six entreprises sont rel-
ativement efficientes mais il faut réorganiser les trente unités qui restent
pour améliorer leur efficience.

of param tric and non-pa-
rametric a, proaches and
has yielded a conside-
rable amount of empirical
work.

Examples of this work
using data from agricultu-
ral farms are the studies of
Bravo-Ureta and Rieger
(1990), Neff et al. (1993).
Parikh and Shah (1994),
and Fare and Whittaker
(1995).

This work focuses on
comparing results taken
from parametric and non-
parametric approaches.
Some applications of DEA
in agriculture can be
found in studies of this ty-

pe.

Though they are of high
theoretical interest, they
cannot be used to derive
information for manage-
ment purposes since in-

input production units when prices are not available
or when there is no objective way of aggregating ei-
ther input or output.

This explains that DEA has been applied mostly in the
public sector, in a range of non-profit production
units.

Its being widely accepted acts as a testimony of the
procedure’s strength and applicability (Fried et al.
1993, Silkman 1986).

It is worth noting that DEA is applicable to any sector
of the economy as an approach to measure the effi-
ciency of multi-output and multi-input production
units.

Most of the studies of efficiency in the agricultural
sector follow the general methodology employed by
Lau and Yotopoulos (1971, 1973).

The renewed interest in measuring efficiency is due
to methodological improvements in the development

(*) Department of Agricultural Economics, Aristotle University
of Thessaloniki.

puts and outputs are not usually adequately disaggre-
gated.

DEA applications for management purposes are limi-
ted.

The study of Byrnes et al. 1987 which measures the
relative productive efficiency of Illinois grain farms is
an example. The application of DEA in our study fol-
lows similar lines, i.e. to identify the sources of ineffi-
ciency of dairy farms and to provide improvement
targets for the inefficient running farms.

The provision of detailed input and output data deri-
ved from a farm management survey of a sample of
dairy farms is an advantage that the study exploits.
The results reflect the disaggregation of input and
output and can be put to practical use. Indications are
obtained as to how inefficient farm management can
be made efficient by adjusting the use of resources
and the mixture of the output.

The effect of the required adjustments of the ineffi-
cient farms on the mean sample farm is estimated. Fi-
nally, the results indicate that, given the existing quo-
ta imposed in milk production, the most important
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measure to be taken in consideration is the necessary
adjustment of the use of resources.

THE BASIC VERSION OF DEA MODEL

There is a number of multiple-input multiple-output
production units to be evaluated, which are taken as
Decision Management Units (DMUs). Each DMUs
consumes varying amounts of different inputs to pro-
duce different outputs. DEA uses the set of production
units in the sample to construct an efficiency frontier
consisting of all possible linear combination of efficient
production units. The efficiency frontier represents ap-
plicable technique since it reflects the practices imple-
mented by existing production units. It also represents
efficient techniques since it is exclusively defined in
terms of the techniques used by efficient production
units. Consequently the efficient units lie by definition
on the frontier while the inefficiency of units that are
not on the frontier is indicated in direct proportion to
their distance from the frontier. The framework for the
DEA was initiated by Farrell (1957) and reformulated as
a mathematical programming model by Charnes, et al.
(1978). A general overview and a detailed development
of the approach was provided by Fried et al. (1993),
while the extensions that have been proposed and a
discussion of the advantages and limitations of the ap-
proach can be found in Seiford and Thrall (1990). The
proposed measure of efficiency of any DMU is obtained
as the maximum of a ratio of weighted outputs to
weighted inputs subject to the condition that the similar
ratios for every DMU be less than or equal to unity. The
DEA model for a specific DMU is formulated as a non
linear programming problem and stated as:
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Where (y , x)) are the observed output and input values,
respectively; ur and 6i are the variable weights to be
determined by the solution of this problem; n is the
number of the units (DMUs); s is the number of out-
puts; m is the number of inputs; and hk is the relative
efficiency of k unit. The above non-linear ratio pro-
gramming model is converted to a linear programming
model (Charnes et al. 1978) mainly for computational

tractability.
The primal linear programming DEA model is the follo-
wing;:

m
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where all variables and parameters are as defined ear-
lier.

The DEA analysis requires the solution of the linear
programming problem of the above form, one for each
decision making unit. The yr; and x; are the observed
values for the DMUs and are constant; the decision va-
riables are u, v, which are the input and output
weights and cannot be interpreted as values in the eco-
nomic sence. Instead, for each unit they determine the
discrepancy between the common practice of the effi-
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ciently run units and that of the unit being considered.
The dual variables of the solutions are s, e, Kj .

The sets of s_and e, are output slacks and excess input

slacks, respectively. For efficiently run units these are
zeros. A decision-making unit k is efficient if it satisfies
the condition u*y-v*x=0. For a DMU that is inefficient,
the solution actually identifies a subset of efficient DMUs
(A>0) called efficient reference set, of which the convex
combination determines the outputs and inputs that ma-
ke a DMU efficient. For the binding dual constraints, if
A =1, =0 for j#k, then a DMU is efficient. There are two
basic types of DEA models referred to as constant re-
turns-to-scale and variables returns-to-scale. The extent
of appropriateness of a particular DEA model is deter-
mined by economic and other assumptions regarding
the data set to be analysed. Both models were applied,
but the solution of the variable returns-to-scale model
indicated that no returns-to-scale existed in the sample
of farms being considered. The results of a DEA solu-
tion can be significant for management purposes in
three important ways. First, DEA indicates the efficien-
cy rate of each DMU relative to all other DMUs in the
sample. This measure makes possible the identification
of the DMUs that need reorganization. Second, whene-
ver a DMU is less than perfectly efficient, DEA brings to
light a subset of perfectly efficient DMUs that can be
used to formulate management practices aiming at im-
provement. Third, DEA provides a matrix of cross-effi-
ciencies. The cross-efficiency matrix is generated by the
efficiency rates calculated by the input and output
weights of one DMU and the input and output level of
another. The cross-efficiencies can identify DMUs that
are efficient but that use different bundles of inputs and
produce a different combination of outputs. In addition
the efficiency rates can be used as dependent variables
to estimate the relationship between efficiency and fac-
tors which are not included in the DEA model.

DATA USED AND MODEL STRUCTURE

Farm management data for 86 dairy farms are used for
the application of the DEA. The source of data is a farm
management survey of dairy farms carried out during
the 1990-91 period (Psychoudakis, et al. 1992). The
sample farms are located in the central and western Ma-
cedonia, in Greece, which are the main milk producing
areas of the country. They represent newly organised
farms in these areas and reflect the current structure of
dairy farming in Greece. They have the required cha-
racteristics, i.e. multiple output and multiple inputs, ne-
cessary for the empirical application of the DEA. Each
farm is taken as a Decision Management Unit (DMU),
the relative efficiency of which is measured.

The application of DEA involves the identification and
measurement of relevant inputs and outputs which are
common in all units. The relevant inputs are:

i. the number of dairy cows in the herd,

ii. the acreage on non irrigated land in hectares

iii. the acreage of irrigated land in hectares

iv. labour used in hours,

v. variable costs in thousands of drachmas

vi. purchased feedstuffs converted into the equivalent
quantity of barley in tonnes

vii. the value of used buildings in thousands of drach-

mas, and

viii. the value of used machinery in thousands of

drachmas.

The outputs produced are:

i. milk production in tonnes

ii. veal (carcass weight) in tonnes

ili. Beef meat (carcass weight) in tonnes

iv. the value of cash crops in thousands of drachmas.

Land is used for the production of feedstuffs or for gro-

wing cash crops. Variable costs include expenses for

seeds, agrochemical, fuel and contract operations. The

value of the outputs considered and the cost of the in-

puts included represent the total gross output and total

annual cost of the farm respectively. Since quantities

are used only for inputs and outputs, exept for variable

costs and the value of cash crops, the technical effi-

ciency is estimated.

Table 1 presents the input-output coefficients per dairy

cow of the mean farm. These coefficients are represen-

tative of existing dairy farming in the areas considered,

however the relatively high standard deviations indica-

te the existance of a wide range in the use of inputs and

in the mixture produced outputs. The mean farm of the

sample breeds 31.6 dairy cows while the size of the

herd is of 70 heads including the followers. The annual

milk production per dairy cow is 4416.2 litres, which is

above the existing production quota per dairy cow in

Greece (3400 litres per dairy cow). The farms produce

also on average 93,7 kgr of veal (carcass weight) per

dairy cow, and 84.8 kgr of Beef meat (carcass weight),

while the value of cash crops per dairy cow is 48.0

Table1 Input - output coefficients of the mean farm.

Outputs - Inputs l Mean ! St.Dev.

Outputs

Milk yield Lit per dairy cow 4416,2 1074,8
Veal (carcass weight) kgr per dairy cow 93,7 85,2
Beef meat (carcass weight)  kgr per dairy cow 84,8 1135
Cash crops 000’s dr.per dairy cow 48,0 69,6
Inputs

Dairy cows in the herd Number 31,6 22,1
Land non-irrigated Stremmas per dairy cow 2,5 41
Land irrigated Stremmas’ per dairy cow 31 2,9
Labour Hours per dairy cow 168,4 83,8
Variable Cost 000’s dr.per dairy cow 64,0 84,5
Purchased feedstuffs? kgr per dairy cow 43915 4338,0
Buildings 000's dr.per dairy cow 2448 2348
Machinery 000’s dr.per dairy cow 208,9 177,9

'One stremmas equal to 0.1 ha.
2Equivalent quantity of barley.
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thousand drachmas. For the pro-

auction of these outputs the farms 60
use the bundle of inputs shown in

table 1. The Linear programming 2 507
model contains 12 decision va- Q401
riables (s=4 plus m=8) and consists S-_’ 30
of 98 constraints (86 DMU+12) and o

the objective function. The DEA 2 20
analysis involves solving the above 10
problem 86 times , one solution for 0

1 . I =

each decision making unit. The so-
lution reported here is only part of
the analysis since all basic DEA mo-
dels are considered but meaningful
results are taken from the constant

0,4797 -
0,5839

0,6421 -
0,7858

0,8119 -
0,8979

0,9021 - 1
0,9719  (efficient)

Range of Efficiency

returns to scale model only.

REsSULTS

The average efficiency ratios of the sample farms is
0.9141 meaning that the relative efficiency of the eighty
six farms is 8.6 percent below what can be achieved.
The average discrepancy below the efficiency level for
the sample farms is determined by the number of rela-
tively efficient farms and the range of the ratios of the
relatively inefficient farms, shown in table 2 and figure
1. Fifty six farms are found to be relatively efficient
(h=1). i.e. the maximum relative efficiency is achieved.

Table 2 Number of cases according to their efficiency ratios.

Range No of Mean

of Efficiency Cases % Efficiency
0.4797 - 0.5839 8 93 0,5463
0.6421 - 0.7858 10 11,6 0,749
0.8119-0.8979 6 8,1 0,8514
0.9021 - 0.9719 6 58 0,9402
1 (efficient) 56 65,2 1,0000
Total 86 100,0 0,9141

Figure 1 - Distribution of Efficiency Ratio.

This means that these farms organize their inputs and
produce a composition of outputs using existing tech-
nology efficiently. Therefore, no increase in the outputs
can be achieved by reorganizing the same bundle of in-
puts or the decrease in the inputs will result decrease in
the outputs. The remaining thirty farms achieve effi-
ciency levels below maximum (h<1) with the given
technology. These farms can reorganize their inputs
and the composition of outputs in order to become re-
latively efficient. For presentation reasons the sample
farms are grouped according to their level of efficiency
(table 2). The DEA analysis ratios make it possible to
identify the DMUs that are in need of attention and to
determine the extent of the improvement measures.
This is achieved in table 3 for the four groups of ineffi-
cient farms. The output slacks (s) and the excess inputs
slacks(e) show the required adjustments, i.e. the increa-
se in each output and the decrease in each input, for
the four groups of farms in order to obtain their effi-
cient running. There are no explicit trends in the in-
crease of outputs or in the decrease in inputs according

Table 3 Required reorganization of relatively inefficient farms to become efficient.

Outputs and Inputs

Range of efficiency ratio

0.4797 - 0.5839 0.6421 - 0.7858 0.8119 - 0.8979 1 0.9021 - 0.9719
Outputs y s y s y S y S
Milk production ton 74,7 248 175,1 16,6 95,5 13,4 1354 10,6
Veal (Cercass weight) ton 2,4 0,2 39 0,1 15 04 2,6 0,5
Beef meat (carcass weight) ton 0,2 0,7 16 08 2,2 03 3,7 0,6
Cash crops 000's dr. 588,9 55,4 1571,4 223,0 866,6 97,8 1904,7 48,8
Inputs X e X e X e X e
Dairy cows number 22,6 36 42,0 71 233 2,4 36,4 6,9
Land non-irrigated ha 43 2,2 11,5 42 9,8 2,8 171 5,1
Land irrigated ha 7.2 1,7 11,8 1,2 70 1,0 11,6 1,7
Labour Hours 4463,0 1183,3 6185,7 12474 38143 1062,1 6353,3 136,1
Variable costs 000’s dr. 1060,2 250,3 3384,4 363,8 1165,4 2989 1821,0 1719
Purchused feed ton 134,2 82,5 163,7 60,9 795 14,7 129,7 11,5
Buildings (value) 000’s dr. 5749,2 1884,9 10786,8 4061,6 6075,7 1969,3 11150,5 5863,0
Machinery (value) 000s dr. 4738,6 1033,6 91427 3152,8 44845 841,0 10346,2 3072,0
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to the level of efficiency, except for the increase in beef
meat and for the required decrease in the purchased
feedstuffs. Thus, the DEA analysis matched with the
complexity of the production process uncovers rela-
tions that are often hidden in the empirical analysis.
Moreover it provides valuable details for management
purposes which are not produced when parametric ap-
proaches are used.

The efficient reference set for each farm is available but
not reported since it is of practical use to the managers
of the farm only. The resulting information allows the
construction of a hypothetical peer-farm for each ineffi-
ciently run one that would be rated as efficiently run,
while the comparison between them indicates which
inputs are being overused and which outputs are being
underproduced and, thus in each case, suggesting by
how much each input and output levels need to be ad-
justed.

Table 4 presents the required adjustment of the mean
sample farm. The required adjustment of overutlized in-
puts are more important than the required adjustment
of the outputs. Thus, it suggests that the main source of
technical inefficiency is due to misallocation of re-
sources. This point is very interesting given the quota
regime for milk production.

It suggests that, given the quota regime improvement of
technical efficiency can be sought mainly by adjusting

cond, the limited availability of data sources makes the
application of the most commonly used methods of
multiple regression analysis difficult. The results of the
solution identify the inefficiently run farms which are
grouped according to their level of efficiency into four
groups. Accordingly the necessary adjustments of in-
puts and outputs is suggested by the dual variables of
the solution. The construction of the peer hypotechni-
cal efficient farm of the mean farm of the sample using
the output slacks and input excess suggests that the
main source of inefficiency in dairy farming is the mi-
sallocation of resource. o
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