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Abstract

The traditional Data Envelopment Analysis (DEA) model on network-structured performance analysis normally

considers desirable intermediate measures. In many real cases, the intermediate measures consist of both desirable and

undesirable factors. The motivation of this paper is employing “Natural and managerial disposability” in two-stage

network structures with undesirable intermediate measure. The non-cooperative game theory is proposed to study the
two-stage structure. A real case of 34 OECD countries in 2012 has been illustrated to shed a light on applicability of the
proposed methodology.

Keywords: Data Envelopment Analysis (DEA), Non -cooperative game theory, Natural disposability, Managerial
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Over the last two decades, increasing number of human activity and organizations have become
involved in preserving, protecting, and mitigating negative effects on environment. Recently, the
world commission on climate change has reported that the governments and production process are
forced to adopt strategies aimed at reducing the amount of Green House Gases (GHG) emissions by
2050. Consequently, due to the new economic normal, Carbon neutrality, it is necessary to
continuously optimize the economic structure, decline energy consumption as a proportion of Gross
Domestic Product (GDP), and exhibit greater willingness in low-carbon green development in
governing climate change. Since, climate change presents a grievous challenge, this challenge and
pressure causes an inevitable interest in use of efficiency and productivity management taking
undesirable and pollutant outputs into account. To address this issue, non-parametric technique, Data
Envelopment Analysis (DEA), initiated by Charnes et al. [3] and extended by Banker et al. [2], has
recently provided a substantial contribution in evaluating the relative efficiency of an entity or
Decision making Units (DMUs) and analyzing undesirable outputs. DEA is a non- parametric
technique for evaluating the relative efficiency of a set of homogeneous DMUs by using a ratio of
the weighted sum of outputs to the weighted sum of inputs, subject to the condition that this ratio
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does not exceed one for any DMU. Also, conventional DEA models determine a set of weights such
that the efficiency of a target DMU relative to the other DMUs is maximized. Because of the growing
emphasis on sustainable green development, Sueyoshi et al. ([8]-[13], [14]-[20]) have developed a DEA
approach for environmental assessment, which conceptually incorporates the two conflicting
disposability assumption regarding environmental regulation and economic prosperity, 1.e., managerial
disposability and natural disposability. Of patticular relevance to this paper ate studies of different
researchers from the sustainability perspective involving both economic and environmental indicators.
For example, [23], [22], [1], [21], [5], [24] and many other articles. The methodological contribution of
existing research on environmental issues has mostly conducted for some block box systems. In addition
to such previous research efforts, Liuguo Shao et.al [7] has proposed a DEA-based approach for
evaluating pollution treatment in a two-stage network structure. The authors employed Directional
Distance Function (DDF) methodology for reduction of pollutant emissions. Mavi et al. [4] proposed
an alternative approach in a two-stage network DEA based on goal programming to analyze the joint
effects of eco-efficiency and eco-innovation, considering the undesirable inputs, intermediate products,
and the outputs in the context of big data. Environmental status and performance assessment can be
approached from several perspectives. Generally, environmental performance is dependent on the
management of an organization or a country on its environmental aspects. In contrast to the extensive
mode of environment growth and eco-efficiency evaluation, the motivation of this study is the
application of natural disposability or managerial disposability to modeling network DEA with
undesirable intermediate measures. We believe that the contribution of this paper is handling undesirable
factors in a two- stage network production system. What’s more, non-cooperative game theory is
proposed to assess the relative performance of the DMUSs. The paper aims to contribute in this direction.
In the following section, a brief description of managerial and natural disposability is reviewed. Section
3 describes how to measure the efficiency of a two-stage network structure under natural and managerial
disposability. Section 4 applies the before mentioned approaches on a real case study. The conclusion

section will summarize the findings and implications of the study.

2 | Managerial and Natural Disposability

Any activity carried out at any scale often generates undesirable impacts on the environment. Following
the concept of sustainable development, the initial goals of the relevant governments or industries
include reducing these hazards. One of the researches made the contribution to literature have examined
by Sueyoshi et al. [13], [14]-[18], exploring the concept of “natural and managerial disposability” in DEA.

Assume that thete are n DMU s and for D]WU]( j=1,..,n) data on the vectors of input, desirable
output and undesirable output are (. Xyjroor Xy )20, Vs Vg )20 and( W, W )20, respectively.

Furthermore, assume that X,V and W, # 0. “Natural disposability”, indicates that a firm decreases

the vector of inputs to decrease the vector of undesirable outputs. Given the decreased vector of
undesirable outputs and that of inputs, the firm attempts to increase the vector of desirable outputs as

much as possible. The production technology can be represented as follows:

n n n n

P"(x)={(v,w) ZAjvj > V,Z)\jxj < x,,Z?\jwj < w,,Z?\j = 1,7\j >0,j=1,..,n}.

=1 =1 =1 =1

It should be pointed out that the natural disposability discusses the importance of adapting the
environmental regulation and economic prosperity for reducing undesirable factors in a mathematical
framework based on DEA. The inequality constraint on input vectors declares a short-run
environmental effort to reduce the pollutants. As Porter Hypothesis [6] states environmental regulation
provides firms with a new business Opportunity to produce new products. Hence, technology
innovation and altering management strategies cause to reduce the production of undesirable outputs.
Equipped with this concept, “managerial disposability” covers both environmental regulation and
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economic prosperity. This type of disposability indicates that a firm increases the vector of inputs to
increase the vector of desirable outputs but to simultaneously decrease the vector of undesirable outputs.
The production technology can be expressed as follows:

n n n n

P™(x)={(v,w) Z?\jvj ZV,Z?\jxj Zx,,Z)\jwj Sw,,Z)\j =1,7\j >0,j=1,..,n}.
=1 =1 =1 =1

The most important feature of these concepts is the difference on input inequality constraint. Under
“natural disposability” the firm decreases the input vector to decrease the undesirable output. This type of
strategy has been followed up because of incapability in technology innovation and financial problems. In
contrast, “managerial disposability” is a strategy for environmental protection. Looking for environmental
performance, equipped with managerial strategy, firms can deal with various pollution issues by technology
innovation and/or new management. These technologies are used to modeling undesirable intermediate
measures in a two-stage production process.

3 | Natural and Managerial Disposability in Two-Stage Decision
Process

In this section, a two-stage decision process is introduced within which the intermediate measures consist
of desirable and undesirable outputs. Consider a two-stage production process as shown in Fig. 7.

&
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& X
Stage | Stag: - >
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W

Fig. 1. Two stage process ofDM'U]. .

Suppose again that there are nIDMUs and for the first stage of DMU/_the observed data on the vectors
of inputs, desirable outputs and undesirable outputs are X, = ( Xjr Xy isoves X )=0, v, = ( VsV Vg )>0
and w, = ( Wi W W )20, respectively. The first stage outputs VW, )are used as the inputs for
the second stage. The second stage fed up with the intermediate measure (° VW, ) and external input

vector z, = (ZI/’ZZ/‘""’ Z]}‘)' The final product ofDMUI. is represented byy/. = (/VI/’XZ/""’ 5/,)2 0. 1n

what follows, two different strategies for handling undesirable outputs to this two-stage decision process
is employed. In the first approach, “natural disposability” is introduced and the second one considers
“managerial disposability”. To describe the DEA environmental assessment, the non-cooperative game
theory is proposed. The theory describes a preference on leader and follower. Such a requirement is
confirmed by the optimal solutions of the leader. Based on the efficient statues of the leader the follower
identifies the optimality. Without less of generality, assume that the first stage is leader and the second
stage is follower. According to “natural disposability” approach for dealing with undesirable factors, the
following formulation in the first stage measures the DEA environmental assessment:



jal

j_zl?\jvkj 2v, ., k=1,..,N, (1)
dDAw, <6w, ,f=1,.,F,

= ] )

Employing model (1)@ stands for efficiency measure and /1/,( j=1,..,n)referred to as structural

variables. Also the objective function minimizes the equal proportional reduction factor for both
undesirable outputs and input while preserving the desirable outputs. Clearly, #ode/ (1) is always feasible
and bounded. Reduction of inputs as well as undesirable output accompanied with augmentation of
desirable output shortfalls can improve the first stage. Having obtained the efficiency of the first stage,
the second stage has been evaluated through preserving the efficiency statues of the first stage. Hence,

employing the optimal solutions of the first stage, the second stage treats the triple (v, w’, z)as its

input to generate the final output y . Applying the

Optimal solution of the first stage insures that the efficiency of the first stage remain unchanged. On
the basis of first stage optimal solution, DEA environmental efficiency for the second stage can be
defined as follows:

Min 0O,
s.t.

Z:[sztj <0z, t=1,..,T,

jmal

lepjvkj = %)\jv‘kj, k=1,...,N,
et )7

2
Suw, =S Aw,, f=1,.F, @
jml j=1
ijyrj 2y, T =1,...,s,
jmal

ZHj =1,

i'=0, j=1,..,n.

In this model, the second stage treats /V desirable intermediate inputs and F undesirable intermediate

n n
inputs as the term Z/l/.v* ,; and Z/ljw* ; respectively. These values are the optimal output values of
i1 =

the first stage for under evaluated DMU . The external input z and final output y are recorded in the

model (2) under the “natural disposability” hypothesis. It is worth to note the objective function identifies
the feasible and bounded solution as an abatement factor of external input for the second stage.
Returning to concept of regulation, “managerial disposability”” belongs to a strategic concept that is
widely accepted by many corporate strategists. Generally, environmental performance is dependent on
the management of an organization or a country on its environmental aspects.

Offering “managerial disposability” for the first stage, allows for input increment to increase desirable
output and at a same time undesirable output decreasing. The following formulation specifies the
managerial disposability:
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Min 61 ,
s.t.

n

?\x >0.x. ,1i=1,...,m,

10’
jal

Z?\jvkj >v, , k=1,..,N, 3)

jal
2Aw <0w,, f=1,.F,

jml

DA =1,

X'>0 =1,
]

In a similar manner, after obtaining an optimal solution from mode/ (3), it can determine the efficiency

measure &, for the first stage. A difference between models (1) and (3) is that the constraint for inputs of

model (1) is expressed by z Ax,<0x,, i=1,..,m and the constraints in wode/ (3) are presented by inequality

j=1
constraints Z Ax, 20, , i=1,..,m. Equipped with the optimal solution of the first stage, to examine
j=1

the efficiency of second stage under managerial disposability, following model has been specitied:

Min 6,
s.t.

Zp,z. 2622t , t=1,...,T,

jal

Zplvk] Z)\V =1,...,N,

jal (4)

W Aw' ., £=1,..F,
2 Z 5

jal

DYy —ym, r=1,.5,

jal

2H=1

[L'>0, j=1,

Considering the optimal solutions of the first stage as the term Z/I/V* ¥ and Z/I/,W* 5 the efficiency of
= =

first stage remains unchanged. The first 1nequal1tyz Wz, > >0,z , t=1,..T treats external input z
j=1

under the hypothesis of managerial disposability. Cleatly, #ode/ (4) is a linear programming problem and it
is always feasible and bounded. It should be pointed out that a system is efficient if and only if the two
component processes are efficient.

4 | Numerical Example

In order to shed a light on the applicability of the proposed methodology in two-stage process a real data
set consisting of 34 OECD countries in 2012 are examined. The data set are taken from Mavi et al. [4].
Table T reports the data set.



Table 1. Data set for OCDE countties.

Country Inputs Intermediate {nput/ourput Ohatputs

Total labor Epergy use (kg Landares  GDP {107 Total greenhouse  Researchers in B High-technology 150 14001 Elect ity

foree {000) of oil {5 km) current USE) g5 embsions (ki & D {per million  exports {10° certificates/bn production

aquivalent )/ of 00, penple) current LUS$) FEPS GDP (10°kWh)
£1000 GDP equivalent)

Xy e ] *y 2y Iy Yy ¥y ¥y Yy
Australia 12,241.40 13038 THE2,300 156,395.10 3l 356 3408, 385 4565.211 210 13.090.00
Austria 4420 89 BB97 82531 4282484 B0,150.24 4703259 18412394 2.80 B368.00
Belglum 4955 95 124.63 30,280 5200918 1193807 4156.244 41673751 170 11,187.00
Canada 19,516,458 170.55 Q093510 183,744.35 T29.2069 4518.514 29025962 1.20 17.347.00
Chile Be03.14 10121 743,532 27,707 BT 109,908 8 335,284 S07.544 210 632300
Crech Rep. 3337 98 141.75 T7.230 2094024 1297498 3249889 21044499 1560 ©575.00
Denmark 2901 68 TL54 423256 3389271 56,087.33 TOBB. 553 Q226707 4.80 15976.00
Estonia BE9.70 179357 42390 250812 21,856.28 3338.510 1307609 13.10 1194.00
Finland 272126 185.72 303,590 2699601 63,138.29 TLET. 926 A724.745 .00 1277200
France 30,052.00 10308 547,357 280,851.12 487 2027 4169.848 113,250.612 350 26,040.00
Gemany 42 755.65 91.51 348 BBD 375,251.35 945 186 4399.672 193,799 441 200 129, 368.00
Greece 4979 B9 BE.19 128,900 2398620 102 436 .8 2643 B54 B55.057 1.80 BO0GE.00
Hungary 4388 16 0092 90530 1346805 57,400.82 2522 B4b 14470677 E10 2575.00
leeland 19009 44362 100,250 1537.66 4401.415 2679.519 93401 0.80 2248.00
Ireland 218431 81.50 BEEID 2392712 37,922.48 3005941 21914723 350 HZ7.00
lsrael 3696 04 94,86 21,640 2933148 79, 358.09 BI55.404, 9a34.614 2,00 579.00
Italy 25,474.18 T6.40 294,140 213,049.13 440,470.2 1943470 29,711.963 11.40 39,238.00
Japan 65,559.50 100,46 364,560 490, B86. 28 1,406, B55 5201.317 105,075.614 6.80 57.2659.00
Korea, Rep. 26,119.54 18073 97466 1.30,560.50 696,523 456,626 130, 460.428 F00 449400
Luemboarg 260,06 81.33 2590 6179.45 11,213.64 4594 529 T14.838 0.70 251.00
Mexion 4,475.98 95.69 1943950 126,198.17 632 880.1 241.802 45418667 0.50 12098.00
Metherlands B998.33 101.51 33690 Bo006800 195,4060.0 4561.231 09039552 240 270,00
Mew Zealand 23T 65 130.26 263310 1906909 7939717 4008711 T23215 1.50 2270.00
Morway 209509 101.42 365,245 3227462 23,527.82 3369446 4815883 300 14,628.00
Paland 18,294.71 110.70 306,210 5242148 335156 1850.717 12220495 250 157 41.00
Portugal 5397 24 B0.73 91600 2260735 &4, 325,35 3615146 1964 368 340 1505.00
Slovak Rep. 73615 12298 48088 OB47.B3 42 BES.65 I717.589 T574.416 910 481.00
Sloventa 1017 .24 121.51 20,140 4768 86 18,340.85 4216.835 1466834 7.10 T1LBE7.00
Spain 23,419.92 BD.17 500,210 136,926.17 3I2ETIS 2652551 16346454 11.60 21,327.00
Sweden 311845 11816 407,340 S7TAT420 = 4 HeT0.028 17096359 10.50 2264.00
Switzerand 4700 91 &0.17 39516 &EABIS0 52,523.47 4481.074 53294078 6.80 2264.00
Turkey 27,797.25 BLET TE9,630 B232566 21705 1168509 2176.908 1.20 GE00.00
United Kingdom 3277220 T9.81 241,930 271,950.95 5687638 4185 689 69223897 670 48971.00
United States 159,815.82 13593 9147420 166915170 6,680,052 4117.674 145, 530.552 0.30 70, 735.00

In order to carry out the proposed approach for OCDE performance, two processes can be investigated:
the first stage related to Eco-efficiency and the second stage related to Eco-innovation. Three inputs for

the first stage are characterized by labor force (x,), energy consumption (x,) and land areas (x,).
Final outputs are recorded as researchers in research and development ( y,), high technology export (
¥,), 18O 14001 certificate ( y,)and Electricity production ( y,).The desirable intermediate measure is
GDP ( v,). One undesirable intermediate factors are reported as total greenhouse gas emission (GHG)

(w,). The undesirable factor does not leave the first stage and along with desirable measure are recorded

as intermediate input factor for second stage. Fig. 2 depicts the two-stage system of eco efficiency and
eco-innovation.

Researchers in R & D

Labor force GoP
L2 Ld
High technolo gy export
Energy consumption Eco- Eco- P
- efficiency GHG emission innovation IS0 14001 CEI:‘[IﬁC.‘lTESh_
-
Land area > Electricity pm-ductmn*

Fig. 2. Two-stage process.

To assess the environmental efficiency, the first stage or Eco-efficiency stage is assumed as leader.
Employing the hypothesis “natural disposability” for handling undesirable factor for the first stage
(leader stage), efficiency scores for first stage and second stage along with the overall efficiency are
reported in Tuable 2. The efficiency score for stage 1 obtained with mode/ (1) are recorded in the second
column of Table 2. As Fig. 2 shows, the intermediate undesirable factor has not left the first stage. Hence,

model (2) takes the optimal values of both desirable and undesirable intermediate measure (v, w; )into

consideration. The results of mode/ (2) for the second stage are summarized in the third column of Table
2.
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Table 2. Efficiency score for stage 1 and stage 2 (natural disposability).

DMU First stage (E;)  Second stage (E,) E, = @
1 1 0.02 0.51
2 0.71 0.49 0.6

3 0.85 1 0.925
4 0.79 0.09 0.44
5 0.59 0.10 0.345
6 0.47 1 0.735
7 0.92 0.35 0.635
8 0.51 1 0.755
9 0.55 0.35 0.45
10 1 1 1

11 1 1 1

12 0.69 0.10 0.395
13 0.68 0.52 0.6
14 1 1 1

15 1 0.64 0.82
16 0.77 0.50 0.635
17 0.97 0.16 0.565
18 1 0.28 0.64
19 0.72 1 0.86
20 1 0.45 0.725
21 0.66 0.25 0.455
22 1 0.71 0.855
23 0.56 0.18 0.37
24 1 0.18 0.59
25 0.54 0.30 0.42
26 0.77 0.15 0.46
27 0.60 0.56 0.58
28 0.67 0.73 0.7
29 0.82 0.13 0.475
30 0.81 0.52 0.665
31 1 1 1

32 0.73 0.06 0.395
33 1 0.29 0.645
34 1 1 1
Average  0.805294 0.503235 0.6542065
variance  0.031601 0.12074 0.041566

As Table 2 shows, under “natural disposability” when the Eco-efficiency process is leader, there are twelve

efficient units. As mode/ (1) admits the efficiency score lays between zero and unity. Employing wodel (2) for

the second stage, without any external input to produce final desirable products, the results show that the

number of efficient units reduced to nine units in the second stage. Generally, there are five overall efficient
units. That is, units#34, 31, 14, 10 and 11 are overall efficient. As the results show the proposed “natural

disposability” can handle intermediate undesirable measure with references to their role. That is, both input

and undesirable outputs are decreased, while the desirable output increases. The last two rows in Table 2

highlight the average and dispersion of the efficiency scores. The maximum of average goes to first stage,

0.805294, while the dispersion of efficiency scores meets the greatest number 0.041566, which belongs to

overall efficiency. Running “managerial disposability” on the data set of Table 1, the results are presented

in Table 3.



Table 3. Efficiency score for stage 1 and stage 2(managerial disposability).

DMU First stage (E;)  Second stage (E; ) E .= @
1 1 0 1

2 0.43 0 0.43
3 0.34 0 0.34
4 1 0 1

5 0.24 0 0.24
6 0.14 0 0.14
7 0.49 0 0.49
8 0.24 0 0.24
9 0.38 0 0.38
10 1 0 1

11 0.95 0 0.95
12 0.20 0 0.20
13 0.23 0 0.23
14 1 0 1

15 0.35 0 0.35
16 0.31 0 0.31
17 0.79 0 0.79
18 1 0 1

19 0.26 0 0.26
20 0.70 0 0.70
21 1 0 1

22 0.46 0 0.46
23 0.21 0 0.21
24 0.92 0 0.92
25 0.10 0 0.10
26 0.33 0 0.33
27 0.24 0 0.24
28 0.37 0 0.37
29 0.77 0 0.77
30 1 0 1

31 1 0 1

32 0.19 0 0.19
33 0.82 0 0.82
34 1 0 1
Average 0.572353 0 0.572353
variance  0.1116 0 0.1116

As Table 3 records, equipped with “managerial disposability” when the Eco-efficiency process is leader,
there are nine efficient units in the first stage. In contrast, the second stage records no efficient unit.
What’s more, the second stage deals with optimal solutions of first stage (intermediate desirable and
undesirable measure) without any external input to produce final desirable products. Intermediate
undesirable output is not the final output for the first stage and they have not left the process. The
results of employing model (4) for handling the intermediate undesirable output shows no efficient unit
in the second stage. At a rational sight, it might appear that the results are not logical, but the intermediate

measure (v, w’") is a good product of the system that can be used by the system itself. So, it seems to
be rational that under “managerial disposability” the optimal increased good product for the whole
system remains unchanged to increase the final desirable outputs. Hence, if we want to measure the
efficiency of DMU in terms of abatement potential in undesirable outputs and increasing potential in
desirable outputs and inputs the efficiency measures might meet zero. Generally, the overall efficiency
is calculated as the average scores of two stages. Comparing the last two rows of Table 2 and Table 3
declares that the average of efficiencies catches the minimum quantity (0.572353) which belongs to the
first stage employing “managerial disposability”. Whilst, the minimum number of dispersion (0.031601)
is seen in the first stage equipped with “natural disposability”.
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4 | Conclusion

Aiming at determining environmental efficiency, considerable attention has pointed to two-stage network
analysis. The existing studies on two-stage network structure just consider desirable intermediate measure.
Since, in real occasions, the intermediate measure consists of both desirable and undesirable measures. The
proposed approach employs two different disposabilities to handle undesirable factors. That is,
“Managerial disposability “and ‘“Natural Disposability”. These two concepts ensure to decrease the
undesirable factors from the environmental regulation and economic prospetity petspective. This paper
employed these two concepts foe dealing with intermediate undesirable factors in a two-stage network
structure. The contribution of this paper was applying a non-cooperative game theory in determining
environmental efficiency in presence of desirable and undesirable intermediate measure. An illustrative
example of 34 OCDE countries in 2012 revealed the applicability of the proposed method.
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