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Abstract: To address the growing concerns of energy conservation and emission reduction (ECER), the pharmaceutical 

industry has been the target of government policies designed to foster innovation and promote sustainable growth. These policies 

emphasize the creation of a market-driven framework for green technology innovation, where environmental performance 

evaluation plays a pivotal role for pharmaceutical enterprises. This study investigates the environmental performance of 100 

pharmaceutical companies in China using a three-stage Data Envelope Analysis (DEA) framework enhanced by the Bootstrap 

Malmquist DEA (BMDEA) model. The DEA-Malmquist index measures dynamic changes in environmental performance, while 

the Bootstrap-DEA approach corrects potential biases and enhances the evaluation's robustness. Additionally, panel Quantile 

Regression and review Quantile Regression methods are utilized to examine environmental performance factors. The analysis 

reveals that the average technical efficiency index of pharmaceutical enterprises is 1.224, indicating an annual growth rate of 

2.6%, which reflects the effectiveness of management practices. Over five years, pure technical efficiency improved by 4.9%, 

signaling better resource utilization. However, scale efficiency declined by 2.5% on average, suggesting that enterprise size may 

limit improvements in environmental performance. Despite these challenges, the overall trend in environmental performance 

shows improvement, driven by factors such as economies of scale, technological maturity, environmental awareness, public 

pressure, and corporate innovation. Notably, the impact of these factors varies across different quantiles. Pharmaceutical 

companies should focus on optimizing their scale and intensifying innovation efforts to further enhance environmental 

performance. This study's findings provide valuable insights for policymakers and industry leaders seeking to improve 

environmental efficiency and promote sustainable development within the pharmaceutical sector. 

Keywords: BMDEA model; Three-stage DEA; Pharmaceutical Industry; Environmental Efficiency; Panel Quantile 

Regression; Review Quantile Regression. 

 

1. Introduction 

The pharmaceutical industry is an integral part of China’s 

national economy and has made outstanding contributions to 

the growth of China’s economy. Environmental issues have 

become increasingly prominent with the continuous 

development of the green economy. Relevant government 

departments have formulated a series of environmental 

policies. The government promotes green development and 

builds a market-oriented green technology innovation system. 

Environmental performance evaluation is crucial for 

enterprises in the pharmaceutical sector [1]. 

The environmental problems of pharmaceutical enterprises 

are getting more and more attention from the government. 

The government has also strongly supported enterprises’ 

Research and Development (R&D) investment. Society also 

pays great attention to enterprise environmental issues. Green 

innovation and pollutant emissions are currently among the 

hottest topics in enterprise environmental behavior research. 

Asif (2022) used quantitative research methods and sampling 

to study the sustainability impact of government procurement 

strategies on the supply chain of pharmaceutical enterprises 

[2]. Xu et al. (2021) explored the relationship among 

government subsidies (including government R&D and non-

R&D subsidies), R&D investment, and innovation 

performance of Chinese pharmaceutical-listed enterprises 

from 2009 to 2015 [3]. Peng et al. (2021) studied heavily 

polluting enterprises’ dual goals and environmental behavior 

choices. They also discussed the internal selection logic of 

enterprise environmental behavior using a multinomial logic 

model [4]. Yang et al. (2019) took the data from 125 Chinese 

pharmaceutical enterprises from 2010 to 2016 as the research 

object to analyze the influencing factors of pharmaceutical 

enterprise social responsibility [5]. López-Toro et al. (2021) 

implemented structural equation modeling using partial least 

squares and analyzed the relationship between environment, 

society, governance, dispute indexes, and financial 

performance [6]. Qomariah and Nursaid (2021) examined the 

role and impact of environmental performance, intellectual 

capital, and enterprise social responsibility on improving 

pharmaceutical enterprises’ profitability and financial 

performance on the Indonesia Stock Exchange [7]. Nguyen 

(2021) evaluated and analyzed the impact of Vietnamese 

pharmaceutical enterprises’ internal control elements on 

environmental performance through the questionnaire 

method [8]. Most research focuses on environmental issues 

regarding resource consumption, pollutant emissions, and 

human resource management. Besides, some scholars study 

the relationship among pharmaceutical enterprises’ social 

responsibility, financial performance, and environmental 
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performance. There are relatively few studies on the factors 

influencing the environmental performance of 

pharmaceutical enterprises. This work studies the 

environmental performance of pharmaceutical enterprises 

from the perspective of input and output. It also analyzes the 

influencing factors of the environmental performance of 

pharmaceutical enterprises from the perspectives of internal 

and external factors. 

In the environment of green economic development, the 

Bootstrap Malmquist Data Envelopment Analysis (BMDEA) 

model is constructed based on the three-stage Data 

Envelopment Analysis (DEA) model taking the data of 100 

pharmaceutical enterprises in China as the research object. 

The DEA-Malmquist index method is used to measure the 

environmental performance value of pharmaceutical 

enterprises. The Bootstrap-DEA method is introduced to 

correct the environmental performance value, and an index 

evaluation system is built. In addition, the influencing factors 

of the environmental performance of pharmaceutical 

enterprises are analyzed. This work aims to improve the 

environmental performance level of pharmaceutical 

enterprises, enhance their innovation capabilities, and provide 

a basis for enterprise decision-making optimization. 

2. The Model and Method of 
Environmental Performance 
Evaluation for Pharmaceutical 
Enterprises 

2.1. The Connotation of Enterprise 

Environmental Performance 

Currently, there is no uniform standard for defining 

environmental performance. ISO14001 environmental 

management system defines environmental performance as 

an environmental management system effectiveness obtained 

by an organization based on environmental objectives and 

policies through the establishment, implementation, 

maintenance, and continuous improvement of various 

environmental factors [9]. From the perspective of the 

relationship between enterprise behavior and the environment, 

enterprise environmental performance results from an 

enterprise’s efforts to reduce the external environment. It 

includes the direct impact of the enterprise on the 

environment in the process of production and operation and 

the degree of awareness of environmental protection in the 

project’s development [10]. From the perspective of 

performance and management, the relationship between 

enterprise environmental management and enterprise 

environmental performance is a mutual influence. From the 

standpoint of the relationship between environmental 

performance and economic performance, the conclusions put 

forward by foreign scholars include three points. Enterprise 

environmental performance is positively correlated, 

negatively correlated, and uncorrelated with economic 

performance. Enterprise environmental performance is 

understood from both narrow and broad perspectives. In a 

narrow sense, enterprise environmental performance refers to 

an index system that can be determined and measured by 

quantitative criteria [11]. In a broad sense, enterprise 

environmental performance refers to the continuous 

improvement of comprehensive non-quantitative efficiencies 

such as pollution prevention, resource utilization, and 

ecological impact through a non-monetized and non-

quantitative index system [12].  

2.2. Research on Common Methods of 

Enterprise Environmental Performance 

Evaluation 

For enterprise environmental performance, common 

research methods include Fuzzy Comprehension Evaluation, 

Analytic Hierarchy Process, Back Propagation, and DEA [13]. 

The advantages and disadvantages of the different methods 

are compared, as shown in Fig. 1. 

FCE

InferiorityAdvantage
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2. Practicability.
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1. Quantify qualitative 
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2. The evaluation result is 
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2. Information is easily lost.

1. It is interfered by random 

factors.

2. Affected by measurement 

error.

3. Vulnerable to extreme values.

 
Figure 1. Analysis of the advantages and disadvantages of 

common methods 

From Fig. 1, each method has its advantages and 

disadvantages. However, DEA has the most obvious 

advantages and does not need to consider the production 

function relationship between input and output. It also does 

not require any parameters or weights to be estimated in 

advance, avoiding subjective factors. Decision Marking Units 

(DMU) result in relative efficiency, independent of 

dimensions. 

There is a specific relationship between environmental 

performance evaluation and environmental responsibility 

fulfilment, as shown in Fig. 2. 
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Figure 2. The relationship between environmental performance 

evaluation and environmental responsibility fulfilment 

Environmental performance evaluation can provide 
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valuable information for environmental supervision, 

supervise the performance of microeconomic entities’ 

environmental responsibilities, and offer a basis for internal 

decision-making optimization [14]. Then, enterprises are 

encouraged to actively implement environmental protection 

behaviors. Therefore, external regulatory authorities and 

internal management of enterprises jointly promote the 

implementation of enterprise environmental responsibilities 

[15]. 

2.3. Construction of Environmental 

Performance Evaluation Index System for 

Pharmaceutical Enterprises 

Enterprise environmental performance involves a wide 

range of content. It should reflect not only the utilization of 

enterprise resources and energy but also the discharge and 

utilization of waste. It should also reflect the enterprise’s 

environmental management capabilities [16]. Here, the 

environmental and financial performance is included in the 

environmental performance evaluation index. The resource 

consumption and environmental protection input indexes are 

selected as the input indexes according to the principles of 

combining scientific and comprehensive, feasibility and 

reliability, and qualitative and quantitative [17]. Economic 

development indexes are used to express expected output 

indexes. Environmental pollution emissions are non-expected 

outputs. A system of environmental performance evaluation 

indexes for pharmaceutical enterprises is constructed, as 

displayed in Fig. 3. 

 
Figure 3. Environmental performance evaluation index system of pharmaceutical enterprises 

2.4. BMDEA Model Construction 

The BMDEA model combines the DEA method, the 

Bootstrap method, and the Malmquist exponential analysis 

method. The Malmquist index is used to analyze the dynamic 

change rate of environmental performance. The Bootstrap-

DEA method is used to correct the environmental 

performance value to avoid the interference of random factors 

and small samples. 

2.4.1. Three-stage DEA model theory 

American operations researcher Charles and others first 

proposed the DEA model in 1978. It is a commonly used 

method to examine the relative effectiveness of multi-input 

and multi-output decision units through computational 

efficiency [18]. Fried et al. explored how to introduce 

environmental factors and random perturbations into the DEA 

model and proposed a three-stage DEA model [19]. 

In the first stage, the DEA is divided into two models: 

Charnes Cooper Rhodes (CCR) and Banker Charnes Cooper 

(BCC) [20]. The output orientation of minimizing input is 

realized under the determined output, and the input 

orientation of maximizing output is realized under the 

determined input. Suppose there are n decision units. It is 

assumed that the input vector of a decision unit DMU in 

activity is 𝑋 = (𝑥1, 𝑥2, ⋯ , 𝑥𝑚)
𝑇 , and the output vector is 

𝑌 = (𝑦1, 𝑦2, ⋯ , 𝑦𝑠)
𝑇 . (X, Y) indicates the entire activity of 

DMU. The input vector of the 𝑗(𝑗 = 1,2,⋯ , 𝑛) decision unit 

DMU𝑗  in n DMUs is 𝑋𝑖 = (𝑥1𝑖 , 𝑥2𝑗 ,⋯ , 𝑥𝑚𝑗)
𝑇
> 0 , and the 

output vector is 𝑌𝑖 = (𝑦1𝑖 , 𝑦2𝑗 , ⋯ , 𝑦𝑠𝑗)
𝑇
> 0 . For 𝑗0(1 ≤

𝑗0 ≤ 𝑛), the model is constructed from both output and input 

perspectives [21]. The input-based output is constant, and the 

CCR model expression for the minimum input is shown in Eq. 

(1). 

 

{
 
 

 
 𝑚𝑖𝑛    [ − 𝜀([𝑒−]𝑇𝑆− + [𝑒+]𝑇𝑆+)] = 𝑉𝐷

 s.t.     ∑  𝑛
𝑗=1 𝑋𝑗𝜆𝑗 + 𝑆

− = 𝑋0

    ∑  𝑛
𝑗=1 𝑌𝑗𝜆𝑗 − 𝑆

+ = 𝑌0

    𝜆𝑗 ≥ 0(𝑗 = 1,2,⋯ , 𝑛); 𝑆+ ≥ 0; 𝑆− ≥ 0

 (1) 

The output-based input is unchanged, and the output 

reaches the largest CCR model [22], as expressed in Eq. (2). 

 

{
 
 

 
 𝑚𝑎𝑥    [𝛼 + 𝜀[([𝑒−]𝑇𝑆− + [𝑒+]𝑇𝑆+)]] = 𝑉𝐷

 s.t.     ∑  𝑛
𝑗=1 𝑋𝑗𝜆𝑗 + 𝑆

− = 𝑋0

    ∑  𝑛
𝑗=1 𝑌𝑗𝜆𝑗 − 𝑆

+ = 𝛼𝑌0

    𝜆𝑗 ≥ 0(𝑗 = 1,2,⋯ , 𝑛); 𝑆+ ≥ 0; 𝑆− ≥ 0

 (2) 

In Eq. (2), 𝜆𝑗  represents the combined weights of the 

decision unit DMU𝑗. 𝑆
+ and 𝑆− represent relaxation vectors. 

 and 𝛼 represent the relative efficiency of evaluation. 

Besides, the relative technical effectiveness between 

sectors is evaluated. BCC model can be expressed as: 

 

{
 
 

 
 
𝑚𝑖𝑛     = 𝑉𝐷
 s.t.     ∑  𝑛

𝑗=1 𝑋𝑗𝜆𝑗 + 𝑆
− = 𝑋0

    ∑  𝑛
𝑗=1 𝑌𝑗𝜆𝑗 − 𝑆

+ = 𝑌0
    ∑  𝑛

𝑗=1 𝜆𝑗 = 1

    𝜆𝑗 ≥ 0(𝑗 = 1,2,⋯ , 𝑛); 𝑆+ ≥ 0; 𝑆− ≥ 0

 (3) 

In Eq. (3), 𝜆𝑗  indicates the combined weight of the 

decision unit DMU𝑗 .   indicates the relative efficiency of 

evaluation. 

In the second stage, a System Failure Analysis (SFA) 

regression model is established to remove environmental 

factors and random noise so that all decision-making units are 

in the same environment. Frontier 4.1 software is used to 

analyze the impact of environmental variables on efficiency 

[23]. SFA can be evaluated according to Eq. (4). 
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𝑆𝑖𝑗 = 𝑓(𝑍𝑗; 𝛽𝑖) + 𝑣𝑖𝑗 + 𝜇𝑖𝑗          (4) 

In Eq. (4), 𝑆𝑖𝑗   indicates input relaxation variables, 𝑍𝑗 

represents environmental variables, 𝛽𝑖  represents 

environmental variable coefficients, 𝑣𝑖𝑗   indicates random 

interference, and 𝜇𝑖𝑗 indicates inefficient management. 

In the third stage, the adjusted input index data is used 

instead of the original value, and the traditional DEA model 

is used again to measure the efficiency value. The calculated 

efficiency values exclude environmental factors and random 

disturbances [24]. 

2.4.2. DEA-Malmquist model and its decomposition 

Assuming that the scale efficiency is constant, the 

Malmquist index can be decomposed into a technology 

efficiency change index and a technological progress index. 

Assuming that the scale efficiency is variable, the technical 

efficiency change index is further decomposed into a pure 

technical efficiency change index and a scaling efficiency 

change index. The DEA-Malmquist exponential model is 

based on efficiency and distance functions [25]. The 

Malmquist index is converted into a DEA-Malmquist index 

defined based on the efficiency function for efficiency 

measurement studies. The DEA-Malmquist index calculates 

the productivity change from the t period to the t+1 period, 

which avoids the differences caused by the period selection’s 

arbitrariness and improves the model’s identification ability. 

Assuming that there is 𝑘 = 1,2,⋯ , 𝐾 decision unit DMUs. 

Each decision-making unit uses 𝑛 = 1,2,⋯ ,𝑁  inputs 𝑥𝑛
𝑘,𝑡

 

in period 𝑡 = 1,2,⋯ , 𝑇 . Then, the 𝑚 = 1,2,⋯ ,𝑀  yields 

𝑦𝑚
𝑘,𝑡

  is obtained. The total factor productivity (TFPch) is 

calculated according to Eq. (5). 

 TFPch = 𝑀(𝑥𝑡 , 𝑦𝑡 , 𝑥𝑡+1, 𝑦𝑡+1) = (𝑀𝑡 ⋅ 𝑀𝑡+1)
1

2 = (
𝐷0
𝑡(𝑥𝑡+1,𝑦𝑡+1)

𝐷0
𝑡(𝑥𝑡,𝑦𝑡)

⋅
𝐷0
𝑡+1(𝑥𝑡+1,𝑦𝑡+1)

𝐷0
𝑡+1(𝑥𝑡,𝑦𝑡)

)

1

2
               (5) 

When the returns to scale remain constant, it is broken 

down into two parts: technology efficiency change (Effch) 

and technological progress change (Techch). 

 𝑀(𝑥𝑡 , 𝑦𝑡 , 𝑥𝑡+1, 𝑦𝑡+1) =
𝐷0
𝑡+1(𝑥𝑡+1,𝑦𝑡+1)

𝐷0
𝑡(𝑥𝑡,𝑦𝑡)

× (
𝐷0
𝑡(𝑥𝑡+1,𝑦𝑡+1)

𝐷0
𝑡+1(𝑥𝑡+1,𝑦𝑡+1)

⋅
𝐷0
𝑡(𝑥𝑡,𝑦𝑡)

𝐷0
𝑡+1(𝑥𝑡,𝑦𝑡)

)

1

2
= 𝐸𝑓𝑓𝑐ℎ × 𝑇𝑒𝑐ℎ𝑐ℎ            (6) 

When the returns to scale are variable, the Effch can be 

decomposed into pure technical efficiency change (Pech) and 

scale efficiency change (Sech). 

 
 Effch =

𝐷0
𝑡+1(𝑥𝑡+1,𝑦𝑡+1)

𝐷0
𝑡(𝑥𝑡,𝑦𝑡)

=
𝐷0
𝑡+1(𝑥𝑡+1,𝑦𝑡+1∣𝑉)

𝐷0
𝑡(𝑥𝑡,𝑦𝑡∣𝑉)

×
𝐷0
𝑡+1(𝑥𝑡+1,𝑦𝑡+1∣𝐶)/𝐷0

𝑡+1(𝑥𝑡+1,𝑦𝑡+1∣𝑉)

𝐷0
𝑡(𝑥𝑡,𝑦𝑡∣𝐶)/𝐷0

𝑡(𝑥𝑡,𝑦𝑡∣𝑉) = Pech × 𝑆𝑒𝑐ℎ           (7) 

Ultimately, the Malmquist index comprises Techch, Pech, 

and Sech [26]. 

TFPch =  Techch ×  Effch =  Techch ×  Pech ×  Sech(8) 

In the above equations, Pech stands for pure technology 

efficiency change index, Sech represents scale efficiency 

change index, and Techch represents technology progress 

index, indicating the degree of transition of the technical 

production boundary from t to t+1. (𝑥𝑡 , 𝑦𝑡) and (𝑥𝑡+1, 𝑦𝑡+1) 
represent input and output vectors for the t and t+1 periods. 

𝐷𝑡   and 𝐷𝑡+1  represent the returns to scale and variable 

distance functions for the t and t+1 periods. 

2.4.3. Bootstrap-DEA method 

The Bootstrap-DEA method is introduced for bias 

correction to accurately measure the environmental 

performance of pharmaceutical enterprises. The Bootstrap-

DEA method calculates DEA efficiency based on numerical 

simulations of raw data to generate many simulated samples. 

The bias of the efficiency evaluation can be corrected to give 

confidence intervals for the efficiency evaluation [27]. The 

steps are as follows. 

(1) The DEA model is used to measure the initial efficiency 

value 𝐸1,𝐸2⋯𝐸𝑛 on the original data. 

(2) Sampling is carried out to obtain a Bootstrap sample 

𝛼1, 𝛼2⋯𝛼𝑛  taking the initial efficiency value 𝐸1 , 𝐸2⋯𝐸𝑛 

as the population. 

(3) The Bootstrap sample 𝛼1, 𝛼2⋯𝛼𝑛 is smoothed to get 

the smoothed sample 𝛼1
0, 𝛼2

0,⋯𝛼𝑛
0. 𝛼𝑗

𝑜 is expressed as: 

 𝛼𝑗
𝑜 = 𝛼𝑗 +

1

√1+ℎ2/𝛿𝛼
2
(𝛼𝑗

𝑜̃ − 𝛼𝑗
𝑜̅̅̅̅ )          (9) 

𝛼̅𝑗
0 can be obtained according to Eq. (10). 

 𝛼̅j
0 =

1

𝑠
∑  𝑠
𝑗=1 𝛼𝑗, 𝛿𝛼

2 =
1

𝑠
∑  𝑠
𝑗=1 (𝛼𝑗 − 𝛼̅)

2
    (10) 

𝛼𝑗
𝑜̃ is obtained according to Eq. (11). 

 𝛼̃𝑗
0 = {

𝛼𝑗 + ℎ𝜀𝑗,  

2 − 𝛼𝑗 − ℎ𝜀𝑗
           (11) 

In Eq. (11), h is the smoothing parameter, and 𝜀𝑗  is the 

random error. Besides, 𝑗 = 1,2,⋯ 𝑠. 

(4) The initial efficiency value and the smoothed sample 

are used to adjust the data to obtain new data 𝑥𝑚
∗  and 𝑦𝑚

∗ , as 

expressed in Eq. (12)-Eq. (13). 

 𝑥𝑚
∗ =

𝐸𝑚

𝛼𝑚
0 𝑥𝑚, m=1,2, ⋯𝑛          (12) 

 𝑦𝑚
∗ =

𝐸𝑚

𝛼𝑚
∗ 𝑦𝑚 , 𝑚 = 1,2,⋯𝑛         (13) 

(5) The data in step four is measured by the DEA method 

to obtain the efficiency value 𝜑𝑚
∗ . 

(6) For each decision unit, repeat steps two to five to get 

the efficiency value 𝜑𝑚𝑏
∗ . 

(7) For each decision unit, the Bootstrap corrected 

efficiency value 𝜑̃𝑚 is calculated, as shown in Eq. (14). 

𝜑̃𝑚 = 2𝐸𝑚 −
1

𝐵
∑  𝐵
𝑏=1 𝜑𝑚𝑏

∗          (14) 

2.5. The Analysis Method of Influencing 

Factors of The Environmental 

Performance of Pharmaceutical 

Enterprises 

2.5.1. Panel data Quantile Regression 

Suppose there is a panel data model 𝑦𝑖𝑡 = 𝑥𝑖𝑡
′ 𝛽𝑖 + 𝛼𝑖 +
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𝑢𝑖𝑡 ,(𝑖 = 1,2,⋯ ,𝑁; 𝑡 = 1,2,⋯ , 𝑇) . u represents the random 

error term, 𝛽𝑖  represents the coefficient of the explanatory 

variable, and 𝛼𝑖 represents the random effect of the sample. 

The Quantile Regression method is used to estimate the 

parameters of the above panel data model. The conditional 

quantile function [28] is established, as shown in Eq. (15).

 𝑄(𝜏 ∣ 𝑥𝑖 , 𝛽(𝜏)) = 𝛼𝑖(𝜏) + 𝑥𝑖
′𝛽(𝜏)(𝑖 = 1,2,⋯ ,𝑁; 𝑡 = 1,2,⋯ , 𝑇)                     (15) 

In Eq. (15), 𝑥𝑖
′ = (𝑥1𝑖 , 𝑥2𝑖 , ⋯ , 𝑥𝑘𝑖)

′  is an explanatory 

variable, 𝛽(𝜏) = (𝛽1, 𝛽2, ⋯ , 𝛽𝑘)
′  is the coefficient vector 

under τ quantile. When τ moves on (0, 1), the parameter 

estimate of Quantile Regression on different quantile points 

can be obtained by solving to minimize the residual value. 

The minimized weighted absolute residuals are expressed in 

Eq. (16). 

𝛽̂ = arg𝑚𝑖𝑛
(𝛼,𝛽)

∑  
𝑞
𝑘=1 ∑  𝑁

𝑖=1 ∑  𝑇
𝑡=1 𝜔𝑘 ⋅ 𝜌𝜏𝑘(𝑦𝑖𝑡 − 𝛼𝑖 − 𝑥𝑖𝑡

′ 𝛽(𝜏𝑘))                      (16) 

In Eq. (16), 𝜔𝑘 is the weight coefficient corresponding to 

each quantile. 

2.5.2. Review Quantile Regression 

The review Quantile Regression model is proposed by 

combining the review regression model with quantiles [29], 

as demonstrated in Eq. (17). 

𝑄𝑛(𝛽; 𝜃) = 𝑚𝑖𝑛
𝛽𝜃

 
1

𝑁
∑  𝑁
𝑖=1 [{𝜃 − 𝐼(𝑦𝑖 < 𝑚𝑎𝑥{0, 𝑥𝑖

′𝛽𝜃}))(𝑦𝑖 −𝑚𝑎𝑥{0, 𝑥𝑖
′𝛽𝜃})]               (17) 

In Eq. (17), 𝐼(𝑦𝑖 < 𝑚𝑎𝑥{0, 𝑥𝑖
′𝛽𝜃})  is the characteristic 

function. Quantile Regression and review regression are 

combined to study the influencing factors of review Quantile 

Regression on the environmental performance of 

pharmaceutical enterprises. 

2.5.3. Selection of variables influencing environmental 

performance 

It is analyzed from two aspects: internal and external 

influencing factors, as shown in Fig. 4. 
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Internal influencing 
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Enterprise innovation

Environmental awareness

Public pressure

Enterprise scale economy

Technical maturity

External concerns

Public concern

 
Figure 4. Selection of variables influencing the environmental performance of pharmaceutical enterprises 

As shown in Fig. 4, internal factors include economies of 

scale, technological maturity, innovation, and environmental 

awareness. External influences include public pressure. 

Enterprises achieving economies of scale can promote 

technological progress, reduce costs, and increase labor 

productivity from their perspective. Then, enterprises can 

obtain more profits, become bigger and stronger, and 

continuously enhance their competitiveness. The maturity of 

technology is mainly reflected in the R&D capital investment 

of enterprises. Enterprise innovation is mainly technological 

innovation ability. External factors are mainly public pressure, 

mainly involving external attention and public concern. 

2.5.4. Panel quantile and review Quantile Regression 

models of environmental performance influencing 

factors 

A panel Quantile Regression model of the influencing 

factors of the environmental performance of pharmaceutical 

enterprises is constructed. The panel regression model is 

constructed with environmental efficiency as the dependent 

variable and economies of scale (scale), technology maturity 

(tech), business innovation (inn), environmental awareness 

(env), and public stress (stress) as independent variables. 

 Efficiency 
𝑖𝑡
= 𝑐 + 𝛼1 scale 𝑖𝑡 + 𝛼2 tech 𝑖𝑡 + 𝛼3 inn 𝑖𝑡 + 𝛼4 env 𝑖𝑡 + 𝛼5 stress 𝑖𝑡 + 𝜀𝑖             (18) 

In Eq. (18), 𝑖 = 1,2,⋯100. c represents the constant term 

of the regression equation. 𝛼1, 𝛼2, 𝛼3, 𝛼4, and 𝛼5 indicate 

the regression coefficients of each index. 𝜀𝑖  represents the 

error term. Efficiency
𝑖𝑡

  indicates the environmental 

efficiency value of the ith enterprise in the tth year. Quantile 

Regression is operated using R software. 

A review Quantile Regression model is represented in Eq. 

(19). 
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efficiency 
𝑖𝑡
= 𝑚𝑎𝑥(0, 𝑐 + 𝛼1 scale 𝑖𝑡 + 𝛼2 tech 𝑖𝑡 + 𝛼3 inn 𝑖𝑡 + 𝛼4 env 𝑖𝑡 + 𝛼5 stress 𝑖𝑡 + 𝜀𝑖)          (19) 

In Eq. (19), 𝑖 = 1,2,⋯100. 

2.6. Data Processing 

For the environmental performance evaluation index 

system of pharmaceutical enterprises, the panel data of 100 

pharmaceutical enterprises in China is used as the research 

object to analyze the environmental performance of 

pharmaceutical enterprises. The data comes from the 

enterprise’s annual reports, enterprise social responsibility 

reports, environmental reports published on the enterprise’s 

official website, and data released by the environmental 

protection bureau where the enterprise is located. The DEA 

software DEAP2.1 calculates the data. There are many 

sample data, so it is not convenient for all enterprises to 

display them. At present, only 15 pharmaceutical enterprises 

have demonstrated complete information on their 

environmental performance. 

3. Enterprise Environmental 
Performance Evaluation and 
Influencing Factors Analysis 

3.1. Measurement Results and Analysis Based 

on the DEA-Malmquist Method 

According to the index system, the environmental 

performance of enterprises from 2015 to 2020 is evaluated 

and analyzed. The environmental performance of 15 

pharmaceutical enterprises is listed. The dynamic change of 

environmental performance every two years is a result, as 

revealed in Fig. 5. 

 
Figure 5. Dynamic environmental performance of pharmaceutical 

enterprises 

From Fig. 5, the first column is the change in the 

environmental performance of pharmaceutical enterprises 

from 2015 to 2016, with an increase greater than one and a 

decrease less than one. An equal to one indicates no upward 

or downward trend. From the above data, there are still 

specific differences in environmental performance between 

enterprises. 

3.2. Analysis of Dynamic Changes in The 

Environmental Performance of 

Pharmaceutical Enterprises 

Malmquist exponential decomposition is used to analyze 

the dynamics of the environmental performance of 

pharmaceutical enterprises from 2015 to 2020. The 

environmental performance of pharmaceutical enterprises is 

divided into the Techch, the Pech, and the Sech. Techch 

reflects the technical level of DMU, Pech reflects DMU’s 

utilization of resources, Sech reflects the scale state of DMU, 

and Effch combines the scale efficiency index and pure 

technical efficiency index to comprehensively reflect the 

management organization level of DMU. The results of the 

evaluation are given in Fig. 6. 
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Figure 6. Dynamic evaluation results of the environmental performance of pharmaceutical enterprises 

From Fig. 6, from the perspective of the technical 

efficiency index, the average technical efficiency index of 

pharmaceutical enterprises is 1.224, an average increase of 

2.6%. The technical efficiency index of most enterprises is 

greater than 1, indicating that most enterprises have a good 

level of management organization and promote 

environmental performance. It also shows that China’s 

pharmaceutical enterprises have gradually acquired the 

ability to transform technology into commercial products. 

From the pure technical efficiency index, the average pure 

technical efficiency of pharmaceutical enterprises is 1.447, an 

average increase of 4.9% in five years. From the scale 

efficiency index, the average value of Sech is 1.005. 

Efficiency at scale has declined by an average of 2.5% over 

five years. The existing size of the enterprise hinders the 

improvement of the enterprise’s environmental performance 

to some extent. 

3.3. Bootstrap-DEA Model Measurement 

Results and Analysis 

3.3.1. Stability verification of the Bootstrap method 

The Bootstrap-DEA method is introduced to correct 

environmental performance. The number of iterations is set to 

1000, 2000, and 3000 to verify the stability of the Bootstrap 

method, respectively, as shown in Fig. 7. 
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Figure 7. Stability verification of the Bootstrap method 

It is found that the number of iterations exceeds 3,000. The 

estimated results are very different from the actual results, so 

the number of iterations is selected as 3,000. 

3.3.2. Analysis of Bootstrap-DEA model estimation 

efficiency values 

R software is used to analyze relevant index data, taking 

2020 as an example. The results of the efficiency values 

estimated by Bootstrap-DEA are presented in Fig. 8. 
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Figure 8. Estimated efficiency value of Bootstrap-DEA 

From Fig. 8, from uncorrected environmental efficiency 

values, nearly half of all enterprises are at the forefront of 

production yearly. From the confidence interval for 

environmental performance given by Bootstrap-DEA, the 

original environmental performance value is minimal in the 

confidence interval. Using the original efficiency value to 

evaluate the environmental performance between enterprises 

may be incorrect. It cannot be used to evaluate the difference 

in environmental performance between enterprises. 

The environmental performance of pharmaceutical 

enterprises from 2015 to 2020 is shown in Fig. 9. 
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Figure 9. Environmental performance of pharmaceutical 

enterprises from 2016 to 2020 

From Fig. 9, the results of the uncorrected efficiency value 

and revised efficiency value show that the mean value of the 

environmental performance of China’s pharmaceutical 

industry shows a wave change trend. The energy conservation 

and emission reduction work of pharmaceutical enterprises 

has been effective. The environmental performance value 

after the correction has been significantly reduced. 
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3.3.3. Statistical description of the environmental 

performance of pharmaceutical enterprises 

The corrected efficiency value is used for calculation, as 

shown in Fig. 10. 
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Figure 10. Statistical description of the environmental performance 

of pharmaceutical enterprises 

Fig. 10 shows that the level of environmental performance 

of Chinese pharmaceutical enterprises is generally not high. 

Most enterprises have much room to improve their 

environmental performance. Most enterprises have a weak 

awareness of environmental protection. Some enterprises 

only pay attention to economic benefits, and the 

environmental protection technology of enterprises is 

backward. At present, Chinese pharmaceutical enterprises are 

still a model of high input, high consumption, high pollution, 

and high emissions. The maximum and minimum 

environmental performance of pharmaceutical enterprises 

differ significantly, indicating a large gap in environmental 

performance between pharmaceutical enterprises in China. 

However, there is an overall trend toward progress. 

3.4. Analysis of Influencing Factors of The 

Environmental Performance of 

Pharmaceutical Enterprises 

3.4.1. Series fluctuations in exchange rate yields in the 

Association of Southeast Asian Nations 

R software is used to perform an empirical inspection to 

avoid model setting errors. First, the F-test is used to decide 

whether to use a mixed or fixed-effect model. The Hausman 

test is then used to determine whether a random or fixed-

effect model should be established. Fig. 11 reveals the results. 

 
Figure 11. Mixed-effect and fixed-effect model regression results 

From Fig. 11, The R2 of the fixed-effect model of 

environmental performance influencing factors is 0.5113. 

Explanatory variables explain 51% of the change in 

environmental performance. Compared with the mixed model, 

the fixed-effect model has a better fit, indicating that the 

selected variables are more comprehensive. The impact on the 

environmental performance of the enterprise is better 

explained when considering individual heterogeneity. 

R software is used to perform the F test. The value of the F 

statistic is 4.0785, and the corresponding P value is 0.0003. It 

is believed that there is an individual fixed effect, so the fixed 

effect model is chosen. Then, random-effects significance 

tests are performed to make choices between fixed-effect and 

random-effects models. The Hausman test is performed using 

R software. The P value is 0.002, so the null hypothesis is 

rejected. A fixed-effect model should be used. 

3.4.2. Quantile Regression analysis of factors influencing 

environmental performance 

All quantile estimates of the respective variables are 

obtained using R software. Besides, scale is for economies of 

scale, tech for technology maturity, inn for corporate 

innovation, env for environmental awareness, and stress for 

public pressure, as shown in Fig. 12. 
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Figure 12. Quantile Regression results of factors influencing environmental performance 

From Fig. 12, the constant term is the enterprise’s 

environmental performance level when it does not take any 

environmental protection measures. The results of Quantile 

Regression show that if an enterprise does not take any 

environmental protection measures, it can initially rely on 

nature’s self-decomposition (at the 10% and 30% quantile 

levels). The environmental performance level of the 

enterprise can still reach a good level. Over time, the load on 

nature becomes heavier and heavier. The level of the 

environmental performance of the enterprise must decline 

accordingly. The impact coefficient of enterprise economies 

of scale on enterprise environmental performance is positive, 

indicating that enterprise-scale has a pulling effect on 

enterprise environmental performance. A higher φ value 

indicates a higher level of environmental performance for the 

enterprise. The larger the enterprise, the higher the level of 

environmental performance. For the Quantile Regression 

results of enterprise technology maturity, the coefficient of 

enterprise technology maturity is negative. The lower the 

technology level, the worse the environmental performance 

level of the enterprise. The environmental awareness of 

enterprises, the innovation ability of enterprises, and the 

public pressure of enterprises all have positive promotion 

effects on the impact of enterprises’ environmental 

performance. 

3.4.3. Review Quantile Regression result analysis 

The results of the review Quantile Regression analysis of 

the factors influencing the environmental performance of 

pharmaceutical enterprises are demonstrated in Fig. 13. 

 
Figure 13. Review Quantile Regression results of factors influencing environmental performance 

As shown in Fig. 13, the size of an enterprise has a pulling 

effect on its environmental performance of an enterprise. The 

larger the enterprise, the higher the level of environmental 

performance. Increasing the size of pharmaceutical 

enterprises can narrow the gap between enterprises’ 

environmental performance levels. Environmental awareness 
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plays a significant role in improving the environmental 

efficiency of enterprises. Additionally, the impact of 

enterprises’ innovation ability and public pressure on 

enterprise environmental performance has a positive driving 

effect. It is not significant at minority quantiles. It is suggested 

that the government should increase support for enterprises’ 

technology R&D and encourage enterprises to continuously 

promote their scale and technological innovation capabilities 

to improve pharmaceutical enterprises’ environmental 

information disclosure mechanism. 

4. Conclusion 

The rapid development of China’s pharmaceutical industry 

has brought considerable benefits to society and great tests to 

the environment. With the development of a green economy, 

environmental performance evaluation plays a vital role in 

continuously improving pharmaceutical enterprises’ 

environmental performance and promoting enterprises’ 

innovation and development. It is essential to study a 

scientific and operable environmental performance 

evaluation system. Here, the panel data of 100 pharmaceutical 

enterprises in China from 2015 to 2020 is used as the research 

object. The BMDEA model is constructed based on the three-

stage DEA model. The Bootstrap-DEA method is introduced 

to correct the environmental performance values and build an 

index evaluation system. Panel Quantile Regression and 

review Quantile Regression are used to analyze the 

influencing factors of the environmental performance of 

pharmaceutical enterprises. The results show that there are 

differences in environmental performance among 

pharmaceutical enterprises. The average value of the 

technical efficiency index of pharmaceutical enterprises is 

about 1.224, an average increase of 2.6%, indicating that most 

enterprises have a good level of management organization 

and promote environmental performance. From the pure 

technical efficiency index perspective, pharmaceutical 

enterprises' average pure technical efficiency is 1.447. The 

technical level has increased by about 4.9%. Pharmaceutical 

enterprises have improved their use of resources. The average 

size efficiency index is 1.005, a decrease of about 2.5%. The 

existing size of the enterprise hinders the improvement of the 

enterprise’s environmental performance to some extent. The 

influencing factors of pharmaceutical enterprises are 

analyzed by the Quantile Regression method. It is found that 

the impact of enterprise economies of scale, technological 

maturity, environmental awareness and public pressure, and 

enterprise innovation on improving corporate environmental 

performance have a significant promoting effect on most 

quantiles but not in minority quantiles. It is suggested that 

pharmaceutical enterprises should continuously enhance their 

scale and focus on improving their innovation capabilities. 

Furthermore, enterprises should increase investment in 

environmental protection, continuously promote advanced 

environmental management systems, and improve the 

incentive mechanism for enterprise environmental 

performance assessment. This work aims to improve the 

environmental performance of pharmaceutical enterprises 

and guide them to improve their innovation capabilities. The 

downside is that environmental performance evaluation 

indexes need to be continuously improved. Follow-up 

research will continue to improve the index system and 

evaluation method of environmental performance evaluation. 
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