




The above (FPq) can be replaced by the following (LPq) in the matrix form

Max

v,u uyo

Subject to VXo=l
-vX-uY<0

V>0, u>0 ^2)

ofvSiiwrsii' ^ ®and th^friiiisposrf oVa no^ vector X=( X,.
(DLPo)

Subject to

Min

e,x
e

Ox© XX ^ y©
VX>y.
X^ ..(3)

°3 ®" '• "''ir" 'j'' >')' »• Is no. greatt, than I. Thevalue ot 0IS 0<0 1. To discover possible input excess and output shortfall, the optimal value of the (DLP«) is
mcoiporatedm the following phase 11 extensions ofthe (DLP©) vaiue oiine tuLi-©) is

Max

X, s", s'̂
Subject to

w = es'+es"'"

s- = 0*x©-XX
8"^ = YX-y©..., .(4)

Here s, s )are i^ed as variable where e(1, 1) avector ofOnes so that es" =Zi=r s" and es'' =2
=0 rtieJ ^° ^ alack S-* =0 Tnd
I h A L ^^ . efficient. The input oriented Banker, Chames and Cooper (EGG, 1984) modelevaluates the efficiency ofthe DMU© (0 =1,n)by solving the following LP.

(BCC©) MIn

Subject to

Ob
0B> X
0B*o~ XX > 0

YX>0

EX = 1

X>0 .(5)

Where, 0b is ascalar. Sitmlm to the second phase in the GGR model, the BGG model is solved using to phase
proce ure. Ifan optima^olution 0», X*, s*and s*obtained in the two phase procedure from the BGG© satisfies 0b*

output) then the DMU is called BGG efficient. Since GGR model assuJL
Scale(GRS) production possibility set i.e., radical expansion and reduction ofall the observed

Hk"rS'® combination are possible, hence the GGR score is called global technical efficiency.On the other han4 the ®GG model^assumes the convex combinations of the observed DMUs from the production
possibility set and the BGG score is called local pure technical efficiency. If the DMU is fiilly efficient under GGR
RGG S rr^ Productive Scale Size (MPSS). If it is under fiiUy efficient under
dSt Hence operating efficiently locally but not globally due to the scale size of
Scale Efficiency (SB) = 0*(OCR)

0*( BCC)
OR

0*(CCR) =0*(BCC)XSE (6)Thus^the sources of inefficiency is caused due to inefficient operation and by ^sadvantageous conditions displayed
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The concept AE can be traced back to Farrell (1957) and Debreu (1951), Fare, Grosskopf and Lovell (1985) who
developed linear pro^amimng (LP) formulation ofthese concepts. AE brings the price-cost information ofthe
DMU into picture. Given the information on prices of inputs, the minimum cost required to produce the given
amount ofoutput. The optimal cost is obtained through the following LP (Farrell, 1957)

Cx* = min Cx

X, ^
Subject to X> X>,

y.<Yk
^ ^ 0 (7)

Where the C=(ci, C2, ,cj is the common unit input price or unit cost vector. The Overall Efficiency or Cost
Efficiency (CE/EE) isdefined as the ratio ofthe minimum cost to the observed cost i.e.,

EE/CE =Cx* < 1 (8)
"Ci;

This is a measure ofthe extent to which the originally observed values represented by the denominator have fallen
short ofachieving the minimum cost represented bythe numerator.

Source and nature of Data:
Information on various inputs and the their cost share in the total cost ofproducing sugarcane have been collected
fi^m 200 sugarcane farm households (will be called as DMU) of the Goleipur Panchayat of Korei block, Jajpur
district ofOdisha through direct personal interviews through ready- made questionnaires. The main inputs used in
the production ofsugarcane are: hired labour, bullock labour, fertilizer (Urea, Potash, calcium and Super Phosphate)
manures, tractor hours, and irrigation. In addition to this, information on the levels of education of the form
household, average education of the family, experience of the effective farm household (the real cultivator and
decision maker on the farming, who may or may not be the head of the household) have been obtained. The
selection ofthe study area ismade on the ground that it is connected to the local market as well as the main cities
such as Cuttack and Jajpur as well as Jajpur Road and Paradeep pprt. Secondly, the study area is located on the bank
ofthe river Kharashrota, making itsuitable for multiple cropping (paddy. Groundnut and sugarcane). The Table-1
presents the detail summary statistics on the production and cost share ofvarious inputs used.

RESULTS AND DISCUSSION:
The mean total cost of sugarcane cultivation wm Rs. 11630-with minimum of Rs. 5554 and mavimntn of Rs.

32075.The huge range oftotal cost clearly indicated that the range ofcultivation of sugarcane was also very high.
Since more financial investment and more time were required, some formers did not cultivate more area under the
crop. The labor cost share in the total cost was 39.35 per cent. Since sugarcane cultivation took longer period (18
months to 20 months), plenty ofmanual labor works were to be used; the use oflabor power was comparatively
more. Second thmg was that, sugarcane cultivation required use ofdifferent fertilizer in different times. Hence, the
share ofeach fertilizer was estimated. The maxiipum share was by Nitrogen (Urea) is 4.74 per cent followed by
calcium (3.01%) and Super (2.05%). The high.share of irrigation cost (10.28%) also indicated the importance of
continuous requirement ofwater inthe sugarcane production. It should be mentioned that most the farm households
in the study area used diesel water pump 5 Horse Power (hp) for irrigating their sugarcane fields. Last but not the
least was the tractor cost share, which were 16. 4per cent. The significant share ofthe tractor hour was proved from
the feet that, the traditional bullock driven plough wood cultivation could not achieve deeper cultivation ofthe land,
as it is essenti^ for sugarcane crop. Secondly, the easy availability oftractors power tillers in the local area and the
consequent hiring cost benefit for the farmers, were another foctor for the large share ofthe tractor cost in the total
cost. The value ofcapital included the depreciation ofthe water pump, cow shed, and the bullocks.

The equations 1-5 were estimated by using the DEAP programme of Coelli (1996) and the results on TE by CCR
(technical efficiency assuming constant returns to scale) and TE by the BCC model (technical efficiency assuming
variable returns to scale) and the scale efficiency scores were obtained. Table-2 showed the frequency distribution of
the scores ofTE under CCR and BCC model. The mean efficiency scores ofCCR TE was 0.793 and the mean TE
scores under BCC model is 0.906. Hence, foe Scale efficiency was 0.883 (CCR TE/ BCC TE). Ofall foe DMUs, 23
DMUs were ^ly CCR efficient and 93 DMU§ were fully BCC efficient. However, 23 DMUs were operating under
Most Productive Scale Size (MPSS), i.e., these DMUs were efficient both locally and globally. Hence some ofthe
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TabIe-3:
DMUs UNDER CRS, IRS AND DRS

DMUs under (CRS)
Constant Return to Scale

DMUs under (IRS)
Increasing Returns to Scale

DMUs under(DRS)
Decreasing Returns
to Scale

1. 2, 5,8, 12, 13, 15, 17,
18, 20 23,31,34,36,79,
85, 88, 91, 93, 101, 124,
137, 143, 147, 149, 153,
158, 165, 173, 183 and
199 = Total 32

3,6,7, 9, 10, 11, 14, 16, 21,24, 26, 29, 30,32,33,35,
38, 39, 40-50, 52, 53, 55, 57, 58, 59, 60,61-63,65-72,
75-77, 80-84, 87, 87, 89, 92, 94, 95, 97-100, 102-105,
107-123, 125-136, 138-142, 144-146, 148, 154-157,
159-161, 163, 164, 166-169, 171, 172, 174-182, 184-
198,200 = Total of 148

4, 22, 27, 28,37,
51, 54, 56, 64, 73,
74, 78, 90, 96, 106,
150, 151, 152, 162
and 170 =Total 20

TabIe-4: DMUs and their Peer counts

DMUs No Peer counts DMUs No. of

Peer

coimts

DMUs No. of Peer

counts

2 13 85 20 157 11
8 8 95 8 158 12
13 37 116 20 160 9
15 8 124 10 165 20
20 102 128 11 185 24
23 4 133 16 192 17
24 11 139 13 199 34
79 85 149 88 - _

81 6 153 13 . - -

Table-5:

TE,-AE andEEScores Frequency

Class

Interval (TE
Scores)

No of

DMUs
Class

Interval (AE
scores)

No. of

DMUs
Class

Interval (EE
scores)

No of

DMUs

0.3-0.4 1 0.05-0.1 4 0.05-0.1 40
0.4-0.5 1 0.1-0.15 46 0.1-0.15 41
0.5-0.6 6 0.15-0.2 33 0.15-0.2 55
0.6-0.7 35 0.2-0.25 47 0.2-0.25 20
0.7-0.8 75 0.25-0.3 27 0.25-0.3 14
0.8-0.9 36 0.3-0.35 16 0.3-0.35 16
Upto 1 46 0.35-0.4 15 0.35-0.4 6
- - 0.4-0.45 08 0.4-0.45 4
-

- 0.45-0.5 02 0.45-0.5 2
- - 0.5 up to 1 02 0.5 up to 1 2
Mean 0.793 0.233 0.190
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social variable on the different categories of
Efficiencies (TE, AE and EE) Two-Limit Tobit
regression had been used to estimate the coefficients
and to know the marginal effects of categorical
variable on TE, AE and EE scores. The models for
TE, AE, and EE in equation 7-8 were estimated
separately using the two-limit Tobit procedure, given
thattheefficiency indices are bounded between 0 and
100 per cent (Greene 1991; Hossain 1988).

EFFIC = f (fam Edu, Exp, edu dummy , Land
Dummy ) (9)
Education Dummy of the DMU is D1 (for college
Education (11-15) =1 otherwise 0; for high schbol
Education 8-10 is 1 otherwise 0 and the base is
primary education 3-7). For land dummy (D3) if area
is less than 2 acres D3=l otherwise 0). Table-6
showed the results of the parameters of Tobit
regression. In case of TE the coefficient of the
constant term, land dummy, college education
dummy were highly significant but high school
dummy is significant at 5% level. The impact of the
family education and experience of the effective
head, even though positive, was found not to be
statistically significant. The marginal effect (table-7)
of theland dummy suggested thatthe"decrease in the
area under sugarcane cultivation from 3 acres to 2
acres increases the TE by 12%. The econoxnic
reasoning was that sugarcane cultivation takes longer
time and hence more money was spent on irrigating
the crop and using more and more of fertilizers to
keep the crop safe from the insects and pests attack.
The larger the area the more was the managerial
diflSculty in managing the crop. Therefore, TE
reduces with large area. (Toluwase and Apta 2013;
Ariyaratne et.al 2006; Mohapatra, 2013) support this
result. As far as college dummy was concerned, the
TE scores increases marginally by 8.3% if the
schooling level was increased from high school to
college. However, the marginal effect of high school
dummy was found to be 3.7%. This means in caseof
sugarcane cultivation, higher educational
qualification had more influence inimproving TE.
In case of AE, both land and college education
diunmy were statistically significant, the marginal
effect of reducing the landsize from 3 to 2 acres was
15%. The marginal effect of college education
dummy was 3.5% onAE. But interestingly,: incase of
cost efficiency, the DMU's experience was highly
significant (not in other two caSes) and college
education dummy was positive but not statistically
significant. It means the experience of the DMU in
dealing with cost efficiency played a signifiranf
role.The DMUs with more experience were more
efficient in allocating their resources to mlnimiTft the
cost of input uses. The marginal effect of the land

dummy was 1.5% and college dummy was 1.8%.
Hence the effect ofeducation seems declining in case
ofallocative and cost efficiency

CONCLUSION:
The paper focused on the estimation of TE, AE and
EE by using the Data Envelopment Analysis
Approach. The TE scores under CCR and BCC
model were computed along with returns to scale.
Out of 200 DMUs 32 were under CRS, 20 under
DRS and 148 under IRS. It implied that most of the
DMUs were in the beginning of the 1"' stage of
production and there was much scope for expansion
of efficiency and productivity. The TE, AE, EE
scores suggested that most of the DMUs were failed
to achieve EE and AE even though few DMUs were
fully techmcally efficient. The size of the farm was
inversely related to the efficiency. Though college
and high school education enhanced TE and AE,
experience played an important role in improving
cost efficiency. Hence, the government should give
more priority on training farm people in case of cash
crops, extension services and introduction of
agricultural education in all spheres of formal
education system. Further, priorities should be made
in investing ondevelopment of theskills of thefarm
people. Farm people should be informed about the
market information at all levels without any
difficulty.
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