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1 -0.1094 0 1 102109 0 1 -0.1116 0 1 02110 0 1
2 -0.1094 0 1 03495 0 1 -0.1116 0 1 0.3507 0 1
3 -0.1094 0 1 01644 0 1 -0.1116 0 1 0.1631 0 1
4 -0.1094 0 1 00608 0 1 -0.1116 0 1 0.0608 0 1
5 -0.1094 0 1 0084 0 1 -0.1116 0 1 = 0.0860 0 1
6 -0.1094 0 1 01418 0 1 -0.1116 0 1 | 0.1415 0 1
7 -0.1094 0 1 01101 0 1 -0.1116 0 1 0.1097 0 1
8 -0.1094 0 1 102571 O 1 -0.1116 0 1 0.2578 0 1
9 -0.1094 0 1 101984 0 1 -0.1116 0 1 0.1980 0 1
10 -0.1094 0 1 129704 0 1 -0.1116 0 1 29720 0 1
11 -0.1094 0 1 101272 0 1 -0.1116 0 1 0.1273 0 1
12 0.0000 1 0 00598 0 1 0.0000 1 0 | 0.0595 0 1
13 -0.1094 0 1 01130 0 1 -0.1116 0 1 0.1130 0 1
14 -0.1094 0 1 00827 0 1 -0.1116 0 1 0.0827 0 1
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17 -0.1094 0 1 00615 0 1 -0.1116 0 1 0.0612 0 1
18 -0.1094 0 1 01098 0 1 -0.1116 0 1 0.1094 0 1
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20 -0.1094 0 1 10289 0 1 -0.1116 0 1 0.2908 0 1
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32 -0.1094 0 1 01148 0 1 -0.1116 0 1 0.1144 0 1
33 -0.1094 0 1 01148 0 1 -0.1116 0 1 0.1144 0 1
34 -0.1094 0 1 04183 0 1 -0.1116 0 1 04194 0 1
35 -0.1094 0 1 05030 0 1 -0.1116 0 1 0.5039 0 1
36 -0.1094 0 1 14738 0 1 -0.1116 0 1 1.4844 0 1
37 -0.1094 0 1 02376 0 1 -0.1116 0 1 = 0.2380 0 1
38 -0.1094 0 1 101587 0 1 -0.1116 0 1 0.1583 0 1
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39 -0.1094 0 1 01095 0 1 -0.1116 0 1 0.1091 0 1
40 -0.1094 0 1 03830 0 1 -0.1116 0 1 0.3839 0 1
41 -0.1094 0 1 0.6061 0 1 -0.1116 0 1 0.6071 0 1
42 -0.1094 0 1 106471 O 1 -0.1116 0 1 0.6490 0 1
43 -0.1094 0 1 100904 0 1 -0.1116 0 1 = 0.0905 0 1
44 -0.1094 0 1 102954 0 1 -0.1116 0 1 0.2959 0 1
45 -0.1094 0 1 100881 O 1 -0.1116 0 1 0.0879 0 1
46 -0.1094 0 1 105139 0 1 -0.1116 0 1 0.5159 0 1
47 -0.1094 0 1 101567 0 1 -0.1116 0 1 0.1563 0 1
1 -1.2008 0 1 02110 0 1 -1.3475 0 1 0.2110 0 1
2 -1.1454 0 1 | 03518 0 1 -1.1815 0 1 0.3530 0 1
3 -1.2393 0 1 | 0.1619 0 1 -14632 0 1 0.1607 0 1
4 -1.1647 0 1 | 0.0608 0 1 -1.2392 0 1 0.0609 0 1
5 -1.3724 0 1 | 0.0856 0 1 -1.8624 0 1 0.0851 0 1
6 -1.6584 0 1 | 0.1412 0 1 -2.7203 0 1 0.1409 0 1
7 -1.1791 0 1 0.1092 0 1 -1.2824 0 1 0.1088 0 1
8 -1.1462 0 1 | 0.2586 0 1 -1.1839 0 1 0.2593 0 1
9 -1.2078 0 1 0.1977 0 1 -1.3685 0 1 0.1974 0 1
10 -4.0324 0 1 | 29736 0 1 -9.8423 0 1 2.9751 0 1
11 -1.1934 0 1 0.1274 0 1 -1.3254 0 1 0.1274 0 1
12 -1.2176 0 1 | 0.0593 0 1 -1.3979 0 1 0.0590 0 1
13 -1.1733 0 1 | 0.1130 0 1 -1.2651 0 1 0.1130 0 1
14 -1.1722 0 1 | 0.0827 0 1 -1.2618 0 1 0.0826 0 1
15 -1.5969 0 1 | 0.0580 0 1 -2.5359 0 1 0.0577 0 1
16 -1.9133 0 1 03273 0 1 -34852 0 1 0.3262 0 1
17 -1.4235 0 1 | 0.0609 0 1 -2.0156 0 1 0.0606 0 1
18 -1.2020 0 1 | 0.1091 0 1 -1.3513 0 1 0.1087 0 1
19 -1.3731 0 1 | 0.0939 0 1 -1.8646 0 1 0.0938 0 1
20 -1.1452 0 1 02917 0 1 -1.1807 0 1 0.2927 0 1
21 -1.4064 0 1 | 0.0656 0 1 -1.9644 0 1 0.0652 0 1
22 -1.2114 0 1 0.2256 0 1 -1.3793 0 1 0.2254 0 1
23 -1.2400 0 1 | 2.6307 0 1 -1.4653 0 1 2.6334 0 1
24 -1.1810 0 1 0.1021 0 1 -1.2882 0 1 0.1019 0 1
25 -1.2062 0 1 | 0.1723 0 1 -1.3638 0 1 0.1722 0 1
26 -1.5786 0 1 | 0.0720 0 1 -24810 0 1 0.0717 0 1
27 -1.2001 0 1 | 02715 0 1 -1.3456 0 1 0.2714 0 1
28 -1.1694 0 1 | 0.1495 0 1 -1.2534 0 1 0.1497 0 1
29 -1.1659 0 1 | 0.2032 0 1 -1.2428 0 1 0.2035 0 1
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30 -1.1467 0 1 | 02154 0 1 -1.1852 0 1 0.2159 0 1
31 -1.1835 0 1 0.1790 0 1 -1.2958 0 1 0.1785 0 1
32 -1.1936 0 1 | 0.1140 0 1 -1.3259 0 1 0.1137 0 1
33 -1.1403 0 1 | 0.1140 0 1 -1.1660 0 1 0.1137 0 1
34 -1.1534 0 1 | 0.4205 0 1 -1.2054 0 1 0.4216 0 1
35 -1.1790 0 1 | 0.5048 0 1 -1.2822 0 1 0.5057 0 1
36 -1.1415 0 1 1.4950 0 1 -1.1696 0 1 1.5055 0 1
37 -1.1603 0 1 | 02384 0 1 -1.2262 0 1 0.2388 0 1
38 -1.2040 0 1 0.1579 0 1 -1.3571 0 1 0.1574 0 1
39 -1.1826 0 1 | 0.1087 0 1 -1.2931 0 1 0.1083 0 1
40 -1.1531 0 1 | 0.3848 0 1 -1.2044 0 1 0.3857 0 1
41 -1.1996 0 1 | 0.6081 0 1 -1.3441 0 1 0.6091 0 1
42 -1.1603 0 1 | 0.6508 0 1 -1.2262 0 1 0.6526 0 1
43 -1.1491 0 1 | 0.0907 0 1 -1.1925 0 1 0.0908 0 1
44 -1.1600 0 1 | 0.2964 0 1 -1.2251 0 1 0.2969 0 1
45 -1.2221 0 1 | 0.0876 0 1 -14114 0 1 0.0874 0 1
46 -1.1474 0 1 | 0.5180 0 1 -1.1873 0 1 0.5200 0 1
47 -1.2150 0 1 | 0.1560 0 1 -1.3903 0 1 0.1556 0 1
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min -0.1127 0.598  -0.1127 0.0583  -4.0324 0.058 -9.8423 0.0577
max 0 29704 0 2972 -1.1403 29736 -1.1660 2.9751
Inf. response: 0 0 0 0 0 0 0 0
=1:
No. of P 2 0 2 0 0 0 0 0
=1:
No. of Py 45 47 45 47 47 47 47 47




S AARYY L, BEL030 ) Lt e e s e abisdle (8) sl o oS jshailen

9ﬂ:1'03 Sl 58 e SltS Jlade (p i 9 </ OVY L ol g p=1.03

B =097

sl 4 e sless

el ol SlaciS 5,90 40 50 45 0gd oo abixMe yizren (ol ode] Cawd 4 YAVOY L plp
Syge 53 9 WS pedS Wb a63g)9 dnnd 93 10 5 WS Wil a2y > 4nd FO 3 009 (Sud laclsx
rets b g > )0 4l TV jo g aileios jots (o as3gy9 5 )l (St Sl 55 i SlesS
25 epSamG Glgice f polie ady 3550 )0 jshatien 598 Jol>
7o 3 Sz e i b aS 08 ey Gl 8 Jsoz 50 Ol ead ads 5 F Jsur b axgi b
S S b Oliee a2 g oS gllas (295 b (6999 cogllaal

S5 as O

DMU & a5 Sloy aws oty o Slee b5l sl goudS il g0 wlide 4 003l 5 wlie gluts
o3lail g9y Alas (pl jo 3 bools 0925 (5590 0 Lial38l (6l dsy AT WS o e Wb a8 L 5l
ase olol p GladS anle 6l Jse 8 S g odd 55 pete anze QL Jae olul » wlde SlesS
34l FY @5‘3 loools (g9, Jaw g, ol 0,08 yolo lid (gl o Con Cgllansls 6L¢b‘_¢?5}5 gevey)
Sl SeS Wilgy oo allas ol jo ol Casd 4 el ol ooly ,euS Sliwl oSSl 5l SOV a0 gV ax o
JeS b lg8 so 4598 a8 wl ools ylis allie ol o aws &Ll janS Sbisl ST a bad o 10,5 oS Cye o
| aatso 5,5 Sl by b olyie & | sl sloiszs 5 b asog,s cosllach slog s, (S
Omzmas 3l plol Bolay cl> o 1) 398 Jow ole o0 o] Slidss ol p slgin SO lge 4ol rals
2 ) 4 e Gl o )liSle 6l 1) I e Gl o0



\VY A_J’L‘anb 9 u9lL:.a L;Lmu_>5)> pa> b ool L;&J)y JJDU 2 dL’xu‘ (!Lw.:\f

[1] Banker, R. D., Charnes, A., & Cooper, W.W., 1984. Some models for estimating technical
and scale inefficiencies in data envelopment analysis. Management Science. 30, 1078-1092.

[2] Banker, R. D. and R. M. Thrall. (1992). “Estimation of Returns to Scale Using
Data Envelopment Analysis.” European Journal of Operational Research 62, 74—84.

[3] Forsund, F.R. and L. Hjalmarsson. (2004). “Are All Scales Optimal in DEA Theory
and Empirical Evidence.” Journal of Productivity Analysis, 21, 25-48.

[4] Forsund, F. R., Hjalmarsson, L., Krivonozhko, V. E., & Utkin, O. B., 2007a. Calculation
of scale elasticity in DEA models: direct and indirect approaches. Journal of Productivity
Analysis 28, 45-56.

[5] Krivonozhko, V .E., Volodin, A.V., Sablin, LA ., Patrin , M., 2004. Constructions
of economic functions and calculation of marginal rates in DEA using parametric optimization
methods. Journal of the Operational Research Society 55, 1049—1058.

[6] Fersund, F.R., Kittelsen, S.A.C., Krivonozhko, V.E., 2007b. Farrell revisited: Visualising
the DEA production frontier. Memorandum 15/2007, Department of Economics, University
of Oslo.

[7] Podinovski, V. V., Fersund, F. R., Krivonozhko, & V. E., 2009. A simple derivation of
scale elasticity in data envelopment analysis. European Journal of Operational Research
197, 149-153.

[8] Podinovski, V. V., & Fersund, F. R., 2010. Differential characteristics of efficient frontiers
in data envelopment analysis. Operations Research 58, 1743—1754.

[9] Atici, K. B., and Podinovski, V. V., 2012. Mixed partial elasticities in constant returns-to-
scale production technologies. European Journal of Operational Research 220, 262-269.

[10] Zelenyuk V., 2013. A scale elasticity measure for directional distance function and its
dual: Theory and DEA estimation. European Journal of Operational Research, 228(3), 592-
600.

[11] Sahoo B., & Tone K., 2015. Scale Elasticity in Non-parametric DEA Approach. In: Zhu
J. (eds) Data Envelopment Analysis. International Series in Operations Research &
Management Science, 221. Springer, Boston, MA.

[12] Mirjaberi, M., & Kazemi Matin, R., 2015. Computation of scale elasticity in presence of
exogenously fixed inputs. Measurement. 73, 275-283.

[13] Krivonozhko V.E., Fgrsund F.R., Lychev A.V.(2014) Measurement of returns to
scale using non-radial DEA models European Journal of Operational Research 232(3): 664—
670.

[14] Krivonozhko, V. E., Lychev, A.V., & Forsund, F. R. (2017). Measurement of returns
to scale in radial DEA models. Computational Mathematics and Mathematical Physics, 57(1),
83-93.

[15] Sahoo, B. K., Zhu, J., Tone, K., & Klemen, B. M. (2014). Decomposing technical
efficiency and scale elasticity in tow-stage network DEA. European Journal of Operational
Research, 233(3), 584-594.


https://www.sciencedirect.com/science/article/pii/S0377221713000398#!
https://www.sciencedirect.com/science/journal/03772217
https://www.sciencedirect.com/science/journal/03772217/228/3

[16] Khaleghi, M., Jahanshahloo, G., Zohrehbandian, M., & Lotfi, F. H. (2012). Returns to
scale and scale elasticity in two-stage DEA. Mathematical and computational applications,
17(3), 193-202.

[17] Mirjaberi, M., & Kazemi Matin, R. (2016). On the calculation of directional scale
elasticity in data envelopment analysis. Asia-Pacific Journal of Operational
Research, 33(04), 1650026.

[18] Amirmohammadi, H., Amirteimoori, A. A., Kordrostami, S., & Vaez-Ghasemi, M.
(2021). Scale elasticity in the presence of integer data: An application to electricity
distribution companies. Studies of Applied Economics, 39(2).

[19] Amirmohammadi, H., Amirteimoori, A., Kordrostami, S., & Ghasemi, M. V. Scale
elasticity in the presence of undesirable and nondiscretionary factors: an application to bank
branches. Italian Journal of Pure and Applied Mathematics, 101.

[20] Fathi Ajirlu, S., Amirteimoori, A., & Kordrostami, S., Measuring the cost efficiency in
NDEA. Journal of New Researches in Mathematics, 2020, 6(27), 141-154.

[21] Sarab, R. G., Amirteimoori, A., Malek, A., & Kordrostami, S. (2021). Cost efficiency
analysis in data envelopment analysis framework: An application to sugar industries. Journal
of Information and Optimization Sciences, 42(5), 1137-1161.

[22] Azizi Usefvand, R., Kordrostami, S., Amirteimoori, A., & Daneshmand-Mehr, M.
(2022). Estimating the directional scale elasticity of two-stage processes in the presence of
undesirable outputs. Modern Research in Decision Making.

[23] Farrell, M. J., 1957. The measurement of productive efficiency. Journal of the royal
statistical society. 120, 253-290.

[24] Debreu (1951), The coefficient of resource utilization, Econometrica 19, pp.273-292.

[25] Fare, R., Grosskopf, S.,Lovell, C. A. K., (1985). The measurement of efficiency of
production. Kluwer-Nijhoff, Boston.

[26] Cooper, W.W., Seiford, L.M., Tone, K., (2000). Data Envelopment Analysis. Kluwer
Academic Publishers, Dordrecht.

[27] Tone, K., Sahoo, B. K. (2006). Re-examining scale elasticity in DEA. Annals of
Operations Research, 145, 69-87.

[28] Sahoo, B. K., Tone, K. (2017). Determining returns to scale in the VRS DEA model.
Advances in DEA Theory and Applications: With Extensions to Forecasting Models, 33-39.

[29] Hailu, A., Veeman, T. S., (2001). Nonparametric productivity analysis with undesirable
outputs: An application to the Canadian pulp and paper industry. American Journal of
Agricultural Economics, 85, 1075-1077.

[30] Seiford, L., and Zhu, J., (2002). Models for undesirable factors in efficiency evaluation.
European Journal of Operational Research, 142, 16-20.

[31] Fare, R., Grosskopf, S., (2003). Nonparametric productivity analysis with undesirable
outputs: comment. American Journal of Agricultural Economics, 85, 1070-1074.

[32] Kuosmanen, T., (2005). Weak disposability in nonparametric production analysis with
undesirable outputs. American Journal of Agricultural Economics, 87, 1077-1082.



	[29] Hailu, A., Veeman, T. S., (2001). Nonparametric productivity analysis with undesirable outputs: An application to the Canadian pulp and paper industry. American Journal of Agricultural Economics, 85, 1075-1077.
	[32] Kuosmanen, T., (2005). Weak disposability in nonparametric production analysis with undesirable outputs. American Journal of Agricultural Economics, 87, 1077-1082.



