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Abstract 

   

1 | Introduction  

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, i.e., managerial 

disposability and natural disposability. Of particular relevance to this paper are 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 DMUs. 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 there are n  DMU s and for 
j

DMU ( j 1,..., n)  data on the vectors of input, desirable 

output and undesirable output are  
1j mj 1j Nj

( x ,..,.x ) 0,(v ,...,v ) 0  and 
1j Fj

(w ,...,w ) 0 , respectively. 

Furthermore, assume that 
j j j

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: 

 

 

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 

   

         
n n n n

n

j j j j j j j j
j 1 j 1 j 1 j 1

P (x) {(v, w) λ v v, λ x x, , λ w w,, λ 1,λ 0, j 1,...,n}.   
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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: 

 

 

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. 1. 

Fig. 1. Two stage process of
j

DMU . 

Suppose again that there are n DMUs and for the first stage of 
j

DMU the observed data on the vectors 

of inputs, desirable outputs and undesirable outputs are  
j ij 2 j mj

x ( x , x ,..., x ) 0 ,  
j ij 2 j Nj

v (v ,v ,...,v ) 0

and  
j 1j 2 j Fj

w (w ,w ,...,w ) 0 , respectively. The first stage outputs   
j j

(v ,w ) are used as the inputs for 

the second stage. The second stage fed up with the intermediate measure  
j j

(v ,w )  and external input 

vector 
j 1 j 2 j Tj

z ( z , z ,..., z ) . The final product of
j

DMU  is represented by  
j 1j 2 j sj

y ( y , x ,..., y ) 0 . In 

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: 

   

         
n n n n

m

j j j j j j j j
j 1 j 1 j 1 j 1

P (x) {(v, w) λ v v, λ x x, , λ w w,, λ 1,λ 0, j 1,...,n}.   



 

 

104 

M
a
g

h
b

o
u

li
 a

n
d

 P
o

u
rh

a
b

ib
 Y

e
k

ta
 |

B
ig

. 
D

a
ta

. 
C

o
m

p
. 

V
is

. 
1(

2
) 

(2
0
2
1)

 1
0
1-

11
0

 

 

 

 

 

 

 

Employing model (1)θ  stands for efficiency measure and 
j

λ ( 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, model (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: 

 

 

 

 

 

 

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

inputs as the term 



n

*

j kj
j 1

λ v  and 



n

*

j fj
j 1

λ w  respectively. These values are the optimal output values of 

the first stage for under evaluated
o

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: 









 

 

 



 









n

j ij io
j 1n

j kj ko
j 1n

j fj fo
j 1n

j
j 1

j

Min  θ,

s.t.

λ x θx ,  i 1,...,m,

λ v v , k 1,..., N,                

λ w θw , f 1,...,F,

λ 1,

λ 0,    j 1,..., n.

 

(1) 



 

 







 

 

 

 



 



 

 





n

j tj to
j 1n n

*

j kj j kj
j 1 j 1n n

*

j fj j fj
j 1 j 1n

j rj ro
j 1n

j
j 1

j

Min  θ ,

s.t.

μ z θ z ,  t 1,...,T,

μ v λ v ,  k 1,..., N,                

μ w λ w ,  f 1,...,F,

μ y y ,  r 1,..., s,

μ 1,

μ 0,    j 1,..., n.

 
(2) 
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In a similar manner, after obtaining an optimal solution from model (3), it can determine the efficiency 

measure *

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

model (1) is expressed by 


 
n

j ij io
j 1

λ x θx  ,  i 1,..., m  and the constraints in model (3) are presented by inequality 

constraints


 
n

j ij 1 io
j 1

λ x θ x  ,  i 1, ..., m . Equipped with the optimal solution of the first stage, to examine 

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

 

 

 

 

 

 

 

Considering the optimal solutions of the first stage as the term 



n

*

j kj
j 1

λ v  and 



n

*

j fj
j 1

λ w the efficiency of 

first stage remains unchanged. The first inequality


 
n

j tj 2 to
j 1

μ z θ z  ,  t 1, ...,T  treats external input z  

under the hypothesis of managerial disposability. Clearly, model (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 1 reports the data set.  









 

 

 



 









1

n

j ij 1 io
j 1n

j kj ko
j 1n

j fj 1 fo
j 1n

j
j 1

j

Min  θ ,

s.t.

λ x θ x ,  i 1,...,m,

λ v v ,  k 1,...,N,                

λ w θ w ,  f 1,...,F,

λ 1,

λ 0  j 1,...,n.

 (3) 



 

 





 

 

 

 



 



 

 





2

n

j tj 2 to
j 1n n

*

j kj j kj
j 1 j 1n n

*

j fj j fj
j 1 j 1n

j rj ro
j 1n

j
j 1

j

Min  θ ,

s.t.

μ z θ z ,   t 1,...,T,

μ v λ v ,  k 1,..., N,               

μ w λ w ,  f 1,...,F,

μ y y ,  r 1,..., s,

μ 1,

μ 0,    j 1,..., n.

 (4) 
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Table 1. Data set for OCDE countries. 

 

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
1

( x ) , energy consumption (
2

x )  and land areas (
3

x ) . 

Final outputs are recorded as researchers in research and development (
1

y ) , high technology export (

2
y ) , ISO 14001 certificate (

3
y ) and Electricity production (

4
y ) .The desirable intermediate measure is 

GDP ( 
1

v ) . One undesirable intermediate factors are reported as total greenhouse gas emission (GHG) 

(
1

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. 

 

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 Table 2. The efficiency score for stage 1 obtained with model (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 * *

1 1
(v ,w ) into 

consideration. The results of model (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). 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

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

efficient units. As model (1) admits the efficiency score lays between zero and unity. Employing model (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. 

 

 

 

DMU *

1(E )First stage  
*

2(E )Second stage  



* *

1 2

overall

(E E )
E

2
 

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 0.654265 
variance 0.031601 0.12074 0.041566 
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Table 3. Efficiency score for stage 1 and stage 2(managerial disposability). 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 
o

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”. 

DMU *

1(E )First stage *

2(E )Second stage 



* *

1 2

overall

(E E )
E

2
 

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 
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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 prosperity perspective. 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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