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Data Envelopment Analysis: It is a powerful tool to optimise used to measure the efficiency of any sectorial
unit in terms of both technical and allocative point of view. It compares a DMUs to a target on the frontier.
The frontier is the best practice frontier based upon the current set.

DEA is multiple criteria decision making tools, before one applies DEA model one need to choose a set of
peer units, DMU’'s (Decision Making Unit) in DEA, it means they are the units under evaluation ort
benchmarking for eg. Hospitals, banks, universities, products, cities, government, airlines etc. ultimately
DEA is intended as a method for performance evaluation and benchmarking against best-practice.

Efficient Frontier:
The line connecting the most efficient point is the efficient frontier called ‘frontier line’. Efficient
Frontier envelopes other data points, that's why it is called Data Envelopment Analysis (DEA).
» The frontier line displays the performance of the unit in the comparison.
> The efficiency of other unit can be measured by the deviation of the points from the frontier line.
Efficiency of other stores is measured relative to the efficient frontier.
> Efficient frontier serves as Benchmark.

The efficiency of any firm or unit consists of two components:
1. Technical efficiency: It means the ability of a firm to obtain maximum output from a given set of
inputs.
2. Allocative efficiency: It means the ability of a firm to use the inputs in optimal proportions, given
their respective prices.
In DEA, the efficiency or performance of DMU’s were measured in two ways:
1. Input-oriented model: It tries to see if the DMU can reduce its current input and still producing the
same amount of outputs.
2. Output-oriented model: It tries to see if the DMU can increase its current output using current input
level.
Return to scale (RTS) is often used to characterise the different DEA models. The different DEA frontier
type are follows.
1. Constant RTS - CRS
2. Variable RTS : VRS (Constant, Increasing and Decreasing RTS)
3. Non-increasing RTS — NIRS
4. Non-decreasing RTS — NDRS
The term ‘Efficiency’ is the ability of a firm to obtain maximum (minimum) outputs (inputs) from a
given set of inputs (outputs), whereas cost-efficiency requires achieving the lowest possible cost, given the
current prices and firm outputs. In figure given below depicts the concept of cost efficiency where there are
twelve DMUs labelled as A, B, C, . . .L and M with two inputs and a single constant output with their
respective prices. The input price ratio is reflected by the slope of the iso-cost-line NN/ and the curve line
connecting the points from ‘A’ to ‘M’ DMUs is the frontier line. The concept of frontier is especially
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important for the analysis of efficiency, because we measure efficiency as the relative distance to the
frontier. For instance, the DMUs like B, D, G, | and K that are technically inefficient, operate at points in the
interior of the shaded region, while DMUs that are technically efficient, operate somewhere along the
technology defined by the frontier. So every package of inputs along the frontier line is considered
technically efficient, while any point above and to the right of the frontier is technically inefficient producer,
i.e. the DMU produces the same amount of output, but with greater amounts of both inputs. For example,

at point G the measure of radial efficiency identifies the two points, G4 and G (Farrell, 1957) and defines
d(0,6;) d(0,G;) d(0,63)

d(0,6) ' d(0,G) d,6) "’
respectively. The multiplicative interaction of both technical efficiency (TE) and allocative efficiency (AE),

termed as overall economic efficiency (EE), is calculated as per Equation (1):

_ _d(0,Gy) _ d(0,G;) __ d(0,Gy)
EE =TE X AE = d(0,G) X d(0,G,) ~ d(0,G)

the ‘technical efficiency’, ‘allocative efficiency’ and ‘cost efficiency’ as
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Where, 6 is a scalar and A is an Nx1 vector of constraints. This envelopment form involves fewer
constraints than the multiplier form[(K + M) < (N + 1)], the value of 6 is the efficiency score for the ith
DMU. It will satisfyd < 1, with a value of 1 indicating a point on the frontier and hence a technically
efficient DMU, according to the Farrell (1957) definition.

To calculate cost efficiency, prices of all the six inputs were used to study the behavioural
objective, such as cost minimization or profit maximization. For this, the mathematical form of cost
minimization DEA as represented in Equation (3) can be used:

ming .- wix;",
Subjectto  -y; + Y1 >0,
x;" — XA =0,
A=0, ite)
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where, w; is a vector of input prices for the it" DMU and x;" is the cost minimizing vector of input
quantities for the i DMU, given the input price w;and the output level ;. The total cost efficiency (CE) or
economic efficiency of the i DMU is calculated by Equation (4):
CE =wx;",/wjx;. ...(4)
It is the ratio of minimum cost and observed cost. Using Equation (1) the allocative efficiency (AE)
can be calculated as:
AE = CE/TE.

Steps in DEA analysis

a. Collect the pooled data on Output and Input quantities and their respective values for different
DMU’s

b. Download the open source DEAP software from the Centre for Efficiency and Productivity
Analysis (CEPA) portal
http://www.uq.edu.au/economics/cepa/deap.htm

c. Install the DEAP
Arrange the dataset as per the requirement of DEAP (output first followed by inputs) in *txt file
Modify the inbuilt instruction file and compute the Technical, Allocative and Economic
efficiency

In that DEAP folder we have to create three type of txt file.
1. Instruction file - Eg1-ins.txt
2. Data file - Eg1-dta.txt
3. Output file - Eg1-out.txt

Instruction file: it can be modified according to our data taken for analysis whether it may single output
with multiple input situation or multiple output with single input or multiple output with multiple input. For
measuring allocative efficiency value of the inputs also have to mention.
eg3-dta.txt DATA FILE NAME
eg3-out.txt OUTPUT FILE NAME
NUMBER OF FIRMS
NUMBER OF TIME PERIODS
NUMBER OF OUTPUTS
NUMBER OF INPUTS
0=INPUT AND 1=OUTPUT ORIENTATED
0=CRS AND 1=VRS
0=DEA (MULTI-STAGE), 1=COST-DEA, 2=MALMQUIST-DEA, 3=DEA(1-STAGE), 4=DEA(2-

- O O N = - O,

STAGE)

DEA: lllustrated Example using DEAP software

Data has to be arrange in this format given below, here the 1st column represent output quantity, 2nd & 3
column is input and 4t & 5% column represent input value
12513
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22413
36613
13213
26213

Results from DEAP Version 2.1

Instruction file = eg3-ins.txt
Data file = eg3-dta.txt

Cost efficiency DEA

Scale assumption: CRS

EFFICIENCY SUMMARY:

frm te ae ce

1 0.500 0.706 0.353
2 1.000 0.857 0.857
3 0.833 0.900 0.750
4 0.714 0.933 0.667
5 1.000 1.000 1.000

mean 0.810 0.879 0.725
Note: te = technical efficiency
ae = allocative efficiency = ce/te

ce = cost efficiency

SUMMARY OF COST MINIMISING INPUT QUANTITIES:

firm input: 1 2
1 3.000  1.000
2 6.000  2.000
3 9.000  3.000
4 3.000 1.000
5 6.000 2.000
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Application of Data Envelopment Analysis (DEA) for determining economic efficiency of Ring
seiners operated off Munambam Coast of Kerala

Data Envelopment Analysis (DEA) is an optimization technique is being widely used for measuring
efficiency of individual decision making units (DMU). An attempt was made to use DEA for studying the
economic efficiency of ring seiners operating off the coast of Munamabam in Ernakulam district of Kerala.
DEA is a non-parametric method of measuring the efficiency of and the economic efficiency includes the
product of technical as well as allocative efficiency. In DEA the efficiency is worked out within a particular
group or sample. The group here is the sampled ring seiners. The technical efficiency is the maximum
output that can be obtained from the given level of physical inputs. IN DEA this is with reference to the
group and here the technical efficiency is the possible way the given inputs (craft, gear, crew, fuel etc.) is
converted into outputs relative to the best DMU in the group . The best unit will be operating at 100%
technical efficiency and the DMU with less technical efficiency will be working at percentages below 100%.
The costs of inputs do not play any part in technical efficiency and this is factored in the allocative
efficiency. Allocative efficiency is related

to the cost of inputs in relation to the | Table 1: Technical and Allocative Efficiency of Ring
output, and equilibrium where marginal Seiners operating off Munambam coast, Ernkaulam,
cost is equal to average revenue. A DMU | Kerala )
allocat!ve efﬁcnency I,s Wlth r.egarfj o DMU's Technical Efficiency | Allocative Efficiency
allocation of inputs vis a vis its price for a
: . 1 1.00 0.47
given level of output, so as to minimize = D VT
the costs of production. Also expressed - .
. . 3 1.00 0.53
in percentages the higher the percentage
. o . 4 0.80 0.25
the better is the cost minimization with : B 0.68
respect to the particular DMU. Cost - 0'17 0'86
efficiency refers to the product of 5 0'52 0'92
technlcald and allotcatlve efficiencies, - o 0.90
expressed as percentage. 3 1,00 100
i , 10 0.74 0.81
Data collected during a pe'r|o<'j .July 2909 11 030 0.90
to.June 201? from 15 individual r!ng 12 053 0.99
seines operating off Munambam fishing 13 035 0.81
harbour were used for the 'c'maly3|s. Each 14 0.36 0.75
of the 15 crafts e considered as one 15 0.22 0.92
DMU. The analysis revealed that the overall 0.53 0.76
overall technical efficiency of ring seiners

operating in Munambam was 52.6%
(Table 1) This indicates that the crafts were operating at almost 50% inefficiency that can be attributed to
technical factors and the crafts are using comparatively more inputs than necessary which includes the
size of the craft, crew, fuel etc. in relation to the quantity of catch (production). The technical efficiency of
individual DMUs ranged from 17% to 100%.Allocative efficiency is with regard to the allocation of inputs vis
a vis its price, so as to minimize the costs of production, and it was 76.0% overall, with individual
efficiencies ranging from 25% to 100%. The cost efficiency ranged from 14.62 % to 100% for individual
DMUs (Fig. 1).
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Fig 1: Cost efficiency of Ring Seiners opertaing off
Munambam coast, Ernakulam, Kerala
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