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Abstract

� e aim of this study is to assess the cost e�  ciency of 25 agro-industrial com-

panies in Vojvodina. � e analysis covers the period from 2010 to 2012, and the 

e�  ciency of the companies is estimated using the non-parametric DEA techniques. 

Data Envelopment Analysis (DEA) is a linear programming technique that esti-

mates technical e�  ciency using the input-output model. � is paper will apply an 

input oriented model with (a) constant returns to scale (CCR model), (b) variable 

returns to scale (BCC model). Results of CCR and BCC models indicate that 

the agro-industrial sector in Vojvodina increased the average e�  ciency score (from 

80.45% to 86.97% (CCR) and from 89.37% to 90.74% (BCC)). Also, research 

indicates that the introduction of bankruptcy proceedings coincided with improv-

ing the e�  ciency scores and ranking of some companies.

JEL Classi� cation: D24, L16
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1.Introduction

Intersectoral analysis of comparative advantages suggests that the agro-industrial 

sector could be a generator of development propulsion in Serbia. � e agriculture 

and food industry in Serbia have the potential to generate extraordinary positive ex-

ternalities on other sectors of the economy (Davidović; 2014, 229). �  e importance 

of the agro-industrial sector in Serbia is con" rmed by o�  cial data of economic sta-

tistics. According to the Statistical O�  ce of the Republic of Serbia, the share of gross 

value added in the agricultural sector in the gross domestic product of the Republic 
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of Serbia in the last ten years is 11.3%, while one-� fth (20%) of the gross domestic 

product is created by agro-business companies. Also, the agriculture and food in-

dustry participates in the overall export of Republic of Serbia with 20.9% (average 

for the last 9 years), and an aliquot portion of imports that can be attributed to 

these activities is only 6.8%. Moving toward a more e�  cient, competitive, export-

oriented, healthier and more sustainable food system is a process that involves tack-

ling longstanding challenges and addressing more sophisticated demands at both the 

theoretical and the empirical level (Adžić & Bolozan; 2013, 859). Bearing in mind 

the above, the e�  ciency of the agribusiness company is a conditio sine qua none of 

the economic development of Vojvodina (Vunjak; 2008, 62).

Empirical studies dealing with the evaluation of the e�  ciency of DMU (com-

panies and banks) typically use two techniques: parametric Stochastic Frontier 

Analysis (see Farsi, Filippini & Kuenzle; 2006, Kiyota; 2009, Hasan et. al; 2011, 

Holmgren; 2013) and non-parametric Data Envelopment Analysis (see Johnes; 

2009, Yusof et. al.; 2010, Nigmonov; 2010, Castellanos & Garza-Garcia; 2013) or 

both at the same time (see for example Andries & Cocris; 2010, Král & Rohácova; 

2013).

Analysis of e�  ciency and growth potential of companies in the agro-industrial 

sector should be the starting point for designing the model for sustainable econom-

ic development of Serbia. " erefore, the main objective of this study is to assess 

the relative e�  ciency of 25 agribusiness companies from Vojvodina in the period 

2010-2012. DEA approach will be used to assess the cost e�  ciency - input oriented 

model with constant (CCR model) and variable (BCC model) return to scale. Both 

models will include two input variables (operating expenses and � nancial expenses) 

and two output variables (operating income and � nancial income). 

2. Data and methodology

" e data set includes annual operating and � nancial revenues and expenditures 

of the 25 agro-industry companies in Vojvodina in the period 2010-2013. Data 

are taken from o�  cial � nancial statements provided by the Serbian Business Regis-

ters Agency. To measure e�  ciency scores, we used E�  ciency Measurement System 

(EMS) software. 

DEA evaluates e�  ciency compared to the reference (benchmark) organiza-

tional unit that has been identi� ed as the most e# ective. DEA is then based on a 

postulate of uniform error model. " is implies that deviations in e�  ciency can be 
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caused by random factors: any form of deviation in the current e�  ciency and the 

estimated e�  ciency frontier represents ine�  ciency. It is also the main drawback 

of this technique, since there are possible errors in assessing the e� ectiveness of 

individual DMU and in assessing the reference benchmark value   - the e�  ciency 

frontier. However, the utility value of DEA methodology stems from a number of 

advantages (Kho-Fazari et al.; 2013, 1-2): (a) it do es not require a priori assump-

tion in the context of data distribution, (b) it gives the possibility of simultaneous 

“handling” of multiple input and output variables, without previous assessment of 

their relative importance, (c) it results in a single measure of DMU performances.

According to Chen-Guo et al. CCR model can be conceived as follows (Chen-

Guo et al.; 2007, 51-53):

 (1)

If h
j
 = 1, DMU

j
 is relatively e�  cient, which implies that it is positioned on the 

e�  ciency frontier (production frontier). If h
j
 > 1, DMU

j
 is relatively ine�  cient. 

! e more h
j
 is “distant” from 1 to 0 (further from the e�  ciency frontier), DMU

j
 is 

less e�  cient (relatively ine�  cient). To improve the utility value of basic CCR mod-

el, the A-P super-e�  ciency model is used. ! e results of super-e�  ciency establish 

rank of DMU that are relatively e�  cient. CCR model is based on the hypothesis 

that potential production set is convex. However, if the product set is not convex, 

then BCC model is used to evaluate the e� ectiveness of the DMU. Assuming nD-

MUs: (x
j
, y

j
), x

j 
 R

m, 
y

i 
 R

s
, j = 1,…,n, BCC model can be conceived as follows:

  (2)

Moreover, if   Rm, µ  Rs, duality (D) has the following algebraic expression:
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   (3)

BCC model e!  ciency frontier is not sensitive to the variations in the volume 

of the input and output factors. " is setting extends the DEA technique, since in 

this situation it is not necessary that the values   of input and output variables are 

positive.

3. Research results 

Descriptive statistics of input and output variables is the shown in Table 1.

Table 1:  Descriptive statistics 

Statistics FIN INC FIN EXP OPER INC OPER  REV

 Mean 195.0701 292.2713 5116.142 4520.947

 Median 86.637 127.215 3734.888 3380.83

 Maximum 1450.186 1550.662 21274.27 17992.76

 Minimum 1.308 2.179 70.016 59.898

 Std. Dev. 268.823 402.1339 5426.08 4631.609

 Skewness 2.244987 1.996989 1.498152 1.437182

 Kurtosis 8.799178 6.0789 4.408335 4.203569

 Observations 75 75 75 75

Source: Author`s calculation

Individual and average e!  ciency score, ranking of companies by e!  ciency 

scores and ranking of supere!  cient companies are given in Appendix 1. " e mark 

* indicates a super-e!  ciency score (shaded areas in the table). Companies that are 

e# ective have 100% score, but super-e!  ciency analysis showed companies that are 

most e# ective (with the highest score above 100%). However, for the calculation of 

the average score in the e!  cient companies, a score of 100% is used.

Results of the assessment of e!  ciency are very interesting. " ey point to several 

important implications. First, the results of both models indicate varying e!  ciency 

score. Extreme examples of this variability are Fidelinka, Ratar Pančevo, Bečejska 

Pekara, Trivit-Pek and Pik Bečej. Second, dramatic improvement in the technical 
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e�  ciency scores of companies Pik Bečej and Fidelinka Subotica coincides with the 

initiation of bankruptcy proceedings. � is implies that the bankruptcy authorities 

signi� cantly improved the e�  ciency of these companies. � ird, from all of the 

companies in the sample, only Galenika-Fitofarmacija and meat industry Matijević 

remained on the e�  ciency frontier (CCR and BCC estimate). Fourth, the imple-

mentation of the BCC model marked a larger number of e�  cient companies, than 

in the case of CCR model results. Fifth, the average score for the agro-industrial 

sector tends towards the e�  ciency frontier. � is indicates that the agro-industrial 

companies in Vojvodina have constantly increased the technical e�  ciency. Bearing 

in mind the implemented input oriented model, the companies reduced the input 

variables volume from year to year (operating expenses and � nancial expenses) in 

order to achieve a constant quantum of output variables (operating income and 

� nancial income).

4. Conclusion

Subject of the research presented in this paper is the technical e�  ciency of agro-

industrial sector in Vojvodina. Evaluation of e! ectiveness is realized by implement-

ing CCR and BCC models. Also, we have exploited the input oriented model to 

determine whether the company can reduce the quantum of inputs (operating and 

� nancial expenses), in order to realize a constant quantum of output (operating and 

� nancial income). � e results indicate that some companies signi� cantly increased/

decreased e�  ciency score. Also, the initiation of bankruptcy proceedings coincides 

with the recent increase in the e�  ciency of the individual companies. In addition, 

the use of BCC model identi� ed a number of companies which are relatively ef-

� cient. Finally, the agro-industrial sector has increased the average e�  ciency score 

in this period. In addition, a signi� cant increase in e�  ciency was recorded through 

observation of the results of assessing the e�  ciency with CCR model. 
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376Appendix 1: E�  ciency scores and ranking of companies

Kompanija
CCR * CCR rank BCC* BCC rank

2010 2011 2012 2010 2011 2012 2010 2011 2012 2010 2011 2012

CARNEX VRBAS 80.06 80.29 86.92 16 17 13 85.96 81.1 90.67 16 19 15

VETERINARSKI ZAVOD SUBOTICA 78.1 81.95 85.33 20 15 16 80.04 82.22 86.19 21 18 17

CRVENKA FABRIKA ŠEĆERA 84.68 87.89 92.60 7 9 8 146.47 94.80 96.14 5 10 12

BAG BAČKO GRADIŠTE 78.27 217.37 125.16 19 2 2 91.52 166.08 459.34 13 5 5

BANAT NOVA CRNJA 81.88 80.00 77.90 13 19 21 82.26 80.04 79.04 19 20 22

BANAT BANATSKI KARLOVAC 29.74 41.25 69.30 25 25 25 81.93 72.68 73.15 20 25 24

BEČEJSKA PEKARA 667.51 85.58 79.72 1 11 18 169.97 95.02 85.5 4 9 18

DUVANSKA INDUSTRIJA ČOKA 79.03 83.16 86.37 17 13 15 88.16 97.41 98.79 14 8 10

IMLEK 85.66 84.47 89.32 6 12 10 495.91 926.07 878.57 1 1 1

DIJAMANT 80.66 80.04 88.85 14 18 12 114.70 91.42 97.65 8 14 11

GALENIKA-FITOFARMACIJA 116.94 111.21 108.94 3 3 3 117.13 112.46 109.27 7 6 6

TRIVIT-PEK 80.56 93.38 156.47 15 7 1 140.29 94.36 597.18 6 11 3

VITAL VRBAS 86.73 76.42 77.02 5 21 22 102.87 78.37 79.08 10 21 21

ŽITKO 77.84 72.82 71.82 21 24 23 78.50 73.84 71.84 22 24 25

NEOPLANTA 78.9 82.95 84.7 18 14 17 84.65 85.85 88.18 17 16 16

MLEKARA SUBOTICA 82.64 79.94 78.68 11 20 20 87.52 82.23 80.17 15 17 20

RATAR PANČEVO 326 99.02 70.35 2 5 24 465.47 362.13 75.00 3 4 23

SEĆERANA ŽABALJ 84.62 86.78 89.77 8 10 9 91.53 88.97 91.2 12 15 14

TE-TO SENTA 83.98 96.02 95.67 9 6 6 112.63 109.77 101.92 9 7 8

PTUJ-TOPIKO 72.48 73.4 79.52 22 22 19 72.95 75.09 81.66 23 22 19

SOJA PROTEIN 82.04 80.36 86.40 12 16 14 95.64 93.76 94.78 11 12 13

DUKAT SOMBOR 83.5 90.49 95.13 10 8 7 84.00 91.67 107.18 18 13 7

MATIJEVIĆ 107.19 108.99 104.02 4 4 5 490.57 923.18 862.52 2 2 2

PIK BEČEJ 59.27 73.07 88.86 24 23 11 62.11 74.41 99.54 25 23 9

FIDELINKA SUBOTICA 60.55 336.14 106.53 23 1 4 67.61 479.78 462.76 24 3 4

Average score 80.45 84,37 86.97 ---- ---- ---- 89.37 89.33 90.74 ---- ---- ----

Source: Author`s calculation


