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This study evaluates the role of information in the environmental performance index (EPI) in different energy-consuming sectors in Pakistan through a novel slack-based data envelopment analysis (DEA). The index combines energy consumption as the primary input and gross domestic product (GDP) as the desirable output and CO2 emissions as the undesirable output. Yale’s EPI measures the efficiency of the sectoral level environmental performance of primary energy consumption in the country. Performance analysis was conducted from 2009 to 2018. The sectors were assigned scores between one and zero, with zero indicating maximum decision-making unit (DMU) inefficiency and one indicating maximum DMU efficiency. Despite being in the top-performing sector, agriculture scored only 0.51 in 2018, and the electricity sector obtained 0.412. Results also show that even the best-performing sector operates below the efficiency level. The mining and quarrying sector ranked second by obtaining 0.623 EPI and 0.035 SBEPI. Results also show that much of the energy supply of Pakistan (60.17%) is focused on fossil fuels, supplemented by hydropower (33%), while nuclear, wind, biogas, and solar power account for 5.15%, 0.47%, 0.32%, and 0.03%, respectively. Nonetheless, the overall results for both measures remained reasonably consistent. According to the literature and the energy crisis and climate instability dilemma, the authors conclude that changes to a diverse green power network are a possibility and an imminent need. Similarly, the government should penalize companies with poor performance. Furthermore, to ensure the capacity development and stability of environmental management and associated actions in the country, providing access to knowledge and training to groom human resources and achieve the highest performance is crucial.
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INTRODUCTION
In the late 1960s, the Environmental Impact Assessment (EIA) methodology was developed. It has now been widely accepted and enacted in over 100 nations across the globe. According to Mohsin et al. (2019c), the purpose of an EIA is to identify possible environmental effects of activities and evaluate various alternatives before deciding whether to approve or reject a proposed development. The EIA system is based on fundamental environmental protection and development concepts, and it represents common responses to similar problems (Hou et al., 2019). Although EIA is also founded on the same set of principles in developing nations, its implementation often falls short of international standards (Iqbal et al., 2020). The creation of EIA in developing nations has frequently been a consequence of a catastrophe or financial needs from foreign donor organizations, according to previous experience. According to Sun et al. (2020b), many developing nations adopted Western EIA methods without considering local politics and context. Figure 1 represents the crude, gas, and coal production in Pakistan.
[image: Figure 1]FIGURE 1 | Crude, gas, and coal production of Pakistan.
Enablers such as EIA system evaluation, training, and capacity development are among the foundational steps to enhance the performance of the EIA system. The EMA established the Sustainable Advisory Committee in Namibia to offer recommendations on policy changes. In 2018, the government held a series of stakeholder meetings to discuss changes to the EMA and regulations. According to a DEA official, the consultations’ feedback was effectively integrated; nevertheless, cabinet approval is required before the revised law can be gazetted and implemented.
The environmental performance index (EPI) is an approach to quantify and express environmental performance numerically. The pilot EPI introduced this index, which was published in 2002. The EPI was promoted by the environmental sustainability index (ESI) developed by Yale University. Hence, it is known as Yale’s EPI (YEPI). This is used as a benchmark index by policymakers, environmental scientists, advocates, and the general public. YEPI measures the ecological execution depending on 24 pointers, which can be applied to assess natural well-being and biological systems. The low ranking of Pakistan, almost at the base, shows the nation’s weak strategy implementation of decoupling greenhouse gas (GHG) emissions from monetary exercises, thus failing to protect the atmosphere and environment, and improve air quality. The scorecard of YEPI provides a significant check of ecological execution on a national scale. Nonetheless, it did not delve into the sectors. In contrast, a sectoral ecological effectiveness investigation reveals a few aspects that YEPI cannot detect because it is a national-level measure. Hence, YEPI alone is not a sufficient measure for effective natural policymaking. Similarly, an increasingly thorough examination is required, which can help refine ecological arrangements and understand the determinants of sectoral environmental advancements (Mohsin et al., 2018; Mohsin et al., 2020b; Mohsin et al., 2021). This paper examines the responsibility of Pakistan by assessing the ecological yield of the country on six crucial monetary fields: agriculture, manufacturing, fuel, transport, mining and quarrying, and construction. An increase in the population of Pakistan and the development of its economy has increased the environmental pressure on Earth (Zhang et al., 2018). For example, the creation of merchandise and ventures into different financial fields require vitality and materials—water, minerals, metals, food, and fiber—which are all obtained from nature. Figure 2 illustrates the transportation network in Pakistan. In Pakistan, the vast majority of expended vitality is from petroleum derivatives, such as oil and gas (Shah et al., 2018). Subsequently, expanded vitality utilization heightens ozone-depleting substances (i.e., GHGs, mainly CO2). It is evident that an expansion in monetary exercises resembles a “two-edged sword.” The development of the economy can raise the quality of life but can also harm the Earth (Shah et al., 2019a). Nevertheless, financial development and maintainable advancement are predictable, for the most part, through elective vitality utilization, improved mechanical effectiveness, institutional advancement, and changes in population rate (Fankhauser and Jotzo, 2018).
[image: Figure 2]FIGURE 2 | Transportation network in Pakistan.
In Pakistan, energy policies and planning are mostly ad hoc, created in reaction to crises and requirements of certain subsectors (Sun et al., 2020a). Plans related to electricity, oil, gas, coal, and renewable and nuclear energy are generally developed separately (Malik et al., 2020). The first energy strategies for the oil, gas, and coal sectors were established in 1991, with the aim to use national fuel resources with an emphasis on exploration, production, and investment (Malik et al., 2020). On the one hand, Pakistan remains reliant on oil imports (He et al., 2020). The government utilizes indigenous natural gas in the electricity and transportation sectors to maintain low prices, resulting in the fast depletion of gas reserves (Raza et al., 2021).
On the other hand, the electricity sector of the country has received the most significant attention, and a range of policies has been adopted over the years. The Pakistan Atomic Energy Commission (PAEC) is responsible for nuclear power plant design, building, and maintenance of nuclear power production. The PAEC provides the Pakistani government with administrative and technical assistance to guarantee the safe use of nuclear energy sources (Yasmin et al., 2020). In recent years, drought, heavy rainfall, floods, pollution, and other climate change indicators have hit Pakistani cities, particularly in Lahore (Tiep, et al., 2021). Floods in the country affected 20 million people in 2010 and 2011.
Consequently, the government adopted the National Climate Change Policy in 2012 and created the Ministry of Climate Change (Iqbal et al., 2021a). The concept of supportable improvement has drawn attention from scientists, experts, and policymakers (Mohsin et al., 2019b; Mohsin et al., 2020a; Mohsin et al., 2021). It has been perceived as the focal answer to offset financial improvement through ecological assurance and environmental change relief (Emas, 2015). The factors crucial for policymaking regarding feasible advancement include careful and suitable assessment of every natural execution of the industry (Mohsin et al., 2020b; He et al., 2020; Yang et al., 2021). Correspondingly, the appraisal of natural execution has received one of the critical issues applicable for the appropriate outcome of events. There is a limited investigation concerning the ecological disorder at the sectoral level in Pakistan. Figure 3 shows authors research design. The absence of such an investigation makes our examination all the more significant, with a special focus on the natural proficiency of the major monetary areas of the country. The motivation for this study is to formulate a methodology that could provide adequate data for cutting-edge investigation into natural execution. The correlation analysis from the existing literature demonstrates various procedures for formulating an EPI, such as a methodology for natural bookkeeping, life cycle examination, and creation hypothesis (Wang et al., 2018). In production theory, the production process is supposed to generate useful outputs as well as pollutants (i.e., wrong outputs) (Faere et al., 1989). In particular, technologies to filter out pollutants are recommended for analyzing useful and harmful outputs in environmental performance evaluation. A directive range factor or Shephard range factor may be used to consider the potential output based on the description of production technology. Further, specific parametric approaches can be used in the distance model, such as stochastic Frontier research (Taghizadeh-Hesary and Yoshino, 2016).
[image: Figure 3]FIGURE 3 | Research design (source: authors’ depiction).
Most related studies employed the non-parameter approach, that is, reviewing the data envelopment (Ikram et al., 2019a; Shah et al., 2019b). The data envelopment analysis (DEA) is a model that constructs the processing system as a linear piece-wise mixture of inputs, positive outputs, and weak outputs. In these instances, as linearity is built inside the DEA system, Färe et al. (2004) claimed low disposability reference technology as environmental DEA technology. The DEA is commonly used to measure the relative efficiency of a set of decision-making units (DMUs) with multiple inputs and outputs, as suggested by Charnes et al. (1978). They present numerous guidelines for the DEA and analytical studies. Baležentis et al. (2016) used the DEA to measure Lithuania’s economic sectors in the Hicks–Moorsteen indices’ spirits (Tiep et al., 2021).
Other experiments used the DEA to calculate eco-efficiency. For example, Ikram et al. (2019a) and Shah et al. (2019a) suggested that the DEA approach used over 700 research studies based on environmental performance evaluation. Most DEA based on environmental performance evaluation models predicts relative improvements in positive outputs and declines in negative or weak outputs (or inputs). This indicates that such studies do not account for slack in inputs and outputs while evaluating environmental performance. Although such models have some desirable theoretical properties, the environmental performance scores of many comparable entities can be 1. Hence, making a detailed comparison is challenging. However, according to the DEA, even if a DMU obtains an efficiency score of 1, it may still not be fully efficient due to the misutilization of inputs or the old production system. Therefore, including output shortfalls and input excesses in the objective function of the study is crucial. Figure 4 explains description of ecological data envelopment analysis (DEA) outcomes. The contribution of this study is that the model focuses on the DEA when environmental efficiency is calculated. Accordingly, this study used the slack-based DEA approach, which was suggested by Zhou et al. (2018), to evaluate environmental efficacy for different economic sectors. Additionally, we assess the sector-level EPI.
[image: Figure 4]FIGURE 4 | Description of ecological data envelopment analysis (DEA) outcomes (source: authors’ depiction).
The remainder of this paper is organized as follows. The Background of the key economic sectors of Pakistan section provides the background of the key economic sectors of Pakistan. The Research design section presents the research methodology developed for sectoral environmental performance analysis. The Results and discussion section presents the results and a discussion of the results. Finally, the Discussion section provides the conclusion.
BACKGROUND OF THE KEY ECONOMIC SECTORS OF PAKISTAN
Pakistan is a leading country in southwestern Asia to connect the other states of the region. It is bordered by China on the northwest, India on the east, Iran on the southwest, and Afghanistan on the northwest. The nation has the 6th largest population in the world, which is about 226 million. The economy of Pakistan is the 23rd largest economy on the planet in terms of market proportion. However, it ranks 46th globally in terms of nominal gross domestic product (GDP). Significant sectors that help the economy of the country are farming, production, power, transportation, mining, quarrying, and manufacturing. Farming is the foundation of the economy of Pakistan. The majority of the population of the country depends on this farming and industry, which contributed 22.69% and 17.69%, respectively, to the GDP in 2020 and accounted for 42.3% and 25.79% of the workforce. The farming sector supplies essential raw materials to the modern industries of the nation and supports a rapidly increasing population (Baloch et al., 2020; Sun et al., 2020c). Additionally, it significantly contributes to the trade revenue of the country through exports. The main crops include maize, corn, cotton, sugarcane, grapes, and vegetables. Figure 5 represent gross domestic product (GDP) from 2000 to 2018. According to UNFAO, Pakistan is the World’s 13th largest increasing agricultural products producer among rice, cotton, maize, sugar cane, and fruit producers (Ikram et al., 2019a; Ikram et al., 2019b; Sun et al., 2019). Additionally, approximately one-fourth of the land in Pakistan is arable.
[image: Figure 5]FIGURE 5 | Gross domestic product (GDP) from 2000 to 2018.
Despite a large number of obstacles, the economy of Pakistan has steadily improved. Various strategies and policies have resulted in inclusive and sustainable development paths. The country started implementing stabilization policies after the 2017–2018 crisis, which helped its economy recover from macroeconomic imbalances. However, COVID-19 slowed the recovery pace that had been achieved previously. The arrival of the second and third waves brought significant challenges that were addressed by timely cautious policies. Although pandemics such as COVID-19 occur only once in a lifetime, they cause significant devastation worldwide.
The government has formulated several significant policies, taken monetary and fiscal measures, implemented smart lockdowns, and hastened to vaccinate its citizens. The National Command and Operating Centre was tasked with making important decisions with the cooperation of provinces as a unified entity. Due to the prompt decision-making of the government, the situation has stabilized, and the number of COVID-19 cases is now decreasing daily. Before COVID-19 pandemic, the working population was 55.74 million, which fell to 35.04 million due to the pandemic. This indicates that individuals have either lost their employment, or are unable to work due to COVID crises. Because of the wise decisions of the government, the working population in October 2020 increased to 52.56 million, and the economy recovered in a V-shaped pattern. Internal and external stability has not been jeopardized in the present economic recovery. Figure 6 shows slack-based environmental performance index. Manufacturing has shown impressive development, with major large-scale manufacturing (LSM) sectors, such as textiles, foods and beverages, tobacco, non-metallic mineral products, and automobiles, all showing considerable progress. Table 1 states growth rates percentage of descriptive statistics indicators. Since FY2007, the first 9 months of FY2021 showed the greatest period-wise increase of 8.99%.
[image: Figure 6]FIGURE 6 | Slack-based environmental performance index.
Figure 7 shows the rankings of all sectors under both measures in 2018. The best performing sectors achieved the EPI and SBEPI values of 0.669 and 0.051, respectively. This implies that even the best-performing sector operates below the efficiency level. For the first time in 17 years, the current account of the country recorded a US$ 0.8 billion surpluses from July to April of FY2021. Foreign currency inflows via the Roshan Digital Account surpassed $1 billion. Remittances of workers increased by 29% from July to April of FY2021, reaching $24.2 billion, which is a high record.
[image: Figure 7]FIGURE 7 | Environmental performance index (EPI) and SBEPI ranking of sectors in 2018.
Manufacturing sector
Pakistan, which had practically no large-scale producing units at the time of autonomy in 1947, presently has an appropriate and broad assembling base. The assembling area represented 17% of the total GDP in 2018 and utilized 55.88 million individuals. Figure 8 shows Electricity production of several years. The cotton material creation and apparel industry is by far the biggest assembling industry in the country, representing 66% of all essential goods and almost 40% of the manpower in the assembling segment in 2018 (Wadho et al., 2019; Baloch et al., 2020). Table 3 shows built power production in MW and electrical power in GWh by form.
[image: Figure 8]FIGURE 8 | Electricity production.
Power sector
The increasing electricity demand is a concern in the power sector of Pakistan. The current demand and supply gap is 3–5 GW, which has resulted in 2.5% GDP loss and unemployment of more than half a million people in industrial sectors as scores of industries have been shut down due to power shortage (Xu et al., 2019). Table 4 explains the display transmission and dispatch (T&D) failures in percentage GWh of overall power generated in Pakistan. The country produces 60.16% of the total electricity from fossil fuels, and 72% are imported. It has been pointed out that heavy reliance on fossil fuels is the primary reason for power supply failure in Pakistan. Imported fuels are costly; therefore, payments to oil and gas suppliers are often delayed, leading to halting supply (Shah et al., 2019b). In addition to reliance on fossil fuels, the other primary reason for the inadequate supply is the transmission and dispatch (T&D) network (Chandio et al., 2020b; Sun et al., 2020b). Due to poor T&D, electricity losses were calculated to be 20% in 2016–2017. The T&D losses have remained consistent, and no improvement can be observed during these years. The electricity demand in 2016–2017 was higher than 25,000 MW. However, only 12,500 MW could be transmitted, resulting in a massive shortage of electricity; thus, the capability of the T&D network was questioned. As a result, electricity breakdowns are frequent during the summers because the grid cannot manage the maximum electricity supply by distribution companies (NEPRA, 2018).
Mining and quarrying sector
In Pakistan, valuable reserves are carbon, precious stones, chromium, zinc, copper, salt stone, mineral ores, acrylic, granite, blast furnace slag, and silica. The country also mines a variety of precious stones, such as ruby, emerald, and topaz. The Khewra salt mine in Punjab province is the most significant salt deposit worldwide. Baluchistan province and parts of Sindh province have enriched oil and gas reserves. However, these deposits are yet to be fully exploited or explored. In 2006, vast deposits of copper and gold were found in the Reko Dig region of Baluchistan. These deposits contain approximately 20 million ounces of gold and 2 billion tons of copper. Reko Dig copper reserves are the seventh-largest in the world (Alemzero et al., 2020b; Sun et al., 2020b; Alemzero et al., 2020a). Pakistan specified its first national mineral policy in 1995, which led to the expansion of mining and quarrying sectors. However, a large quantity of metallic, non-metallic, and industrial rocks has not been explored, and the mineral sector contributed significantly to the GDP of the country until the introduction of the 18th Constitutional Amendment. Under this provision, provinces are extremely autonomous in finding and exploiting their mineral reserves and environmental assets. Consequently, the provinces implemented several projects on their own or cooperated with the federal government or investors to explore and develop these resources.
Transport field
Transportation is one of the leading energy-user sectors of Pakistan. This sector accounted for almost 12% of the overall energy consumption in 2017. In the form of diesel and gasoline, oil is the dominant fuel used in the transport sector, accounting for 78% of the total fuel used in this sector in 2018 (Taghizadeh-Hesary et al., 2021). The remaining 22% fuel requirement was met using compressed natural gas and electricity (HDIP, 2018). In this study, the transport sector included road transport, railways, and aviation. Figure 2 shows the transportation network across the country (Agyekum et al., 2021; Zhang et al., 2021). There is a network of major highways that connect all main cities. The major rail route of the country runs more than a thousand miles north of Karachi to Peshawar. Another primary line runs northwest from Sukkur to Quetta. Road transport is the most important in the economy of the country, accounting for 13% of Pakistan’s GDP (MoF, 2018). Transportation usage has multiplied over the past few decades. The country reported an increased number of vehicles, from 11.77 million vehicles in 2012 to 12.13 million in 2018. Currently, the transportation market is of considerable significance, primarily owing to the introduction of projects on the China Pakistan Economic Corridor (CPEC). These initiatives establish an effective transportation system connecting Pakistan with neighboring countries, including China. Figure 2 indicates that the growth of the transportation system would positively affect demand extension, flexibility of productive resources, stimulation of business, and jobs (Ahmed et al., 2019).
The construction industry performs an essential task in the socio-economic growth of the country. Subsequently, the entire industry has grown tremendously, hiring more than three million citizens. This market expanded to 9.1% in FY2017 of the preceding year and contributed 2.7% to GDP. The construction industry is huge and is closely linked to industries related to oil, accommodation, communications, automotive, public health engineering, water resources, and dam production (Iqbal et al., 2021b; Chien et al., 2021; Li et al., 2021). Furthermore, the construction industry is a major beneficiary of FDI inflows. The most recent numbers of the Pakistan State Bank show that the gross influx of the construction industry in August 2017 amounted to $35.7 million (Iqbal et al., 2021a; Zhang et al., 2021). Additionally, the government expects that the construction sector will continue to gain strength, leading to higher expenditure on civil service growth links alongside the power sector and economic development of CPEC.
RESEARCH DESIGN
Figure 3 illustrates the research design adopted in this study. The initial process included the selection of indicators (i.e., inputs, useful outputs, and wrong outputs). Indicators were selected based on the significance of indicators and data quality. Then we applied two methods, that is, 1) the Environmental Performance Index (EPI) and 2) the slack-DEA with indexing, to evaluate the difference in the environmental performance of selected economic sectors. Finally, we compared the results obtained from both methods to identify any discrimination in the results.
Methods and materials
Information entropy plays an important role in the slack-based DEA. The DEA is a non-parametric computational tool and, therefore, is used in the data collection to estimate the job or quantify the result or involving different concerns; it is not constrained by any functional form, and is useful for evaluating the DMU performance. A variety of factors have been used extensively for assessment, such as medical benchmark tests (Prior, 2006; Du et al., 2014), company supply chains, and other entities (Chu et al., 1992; Chang et al., 2014). The DEA also offers essential features for assessing ecological performance. As a result, the DEA method is apt to assess the sector-wide environmental performance of Pakistan; however, awareness of environmental DEA technologies is required before introducing the model.
Environmental data envelopment analysis technology
In DEA technology, we find a manufacturing process that produces both good and bad results simultaneously. Suppose that input values, useful outcomes, and bad outcomes are [image: image], [image: image], [image: image]. The development technique feature is therefore described as
[image: image]
Development theories imply that P is small and close and ensures that the ultimate input produces limited results. Moreover, P, input, and useful outcomes are easy and effective in production technologies. For example, [image: image], while [image: image] or [image: image], then [image: image] or [image: image]. The development concept details are available in Färe and Primont (2012).
To establish a feature of developing technologies that generates good and bad outcomes (Zhang et al., 2021).
1) For example, for slightly reusable outcomes, if [image: image], while [image: image], then [image: image].
2) There are zero-jointing excellent and bad results; for example, if [image: image] while u is nil, then y is nil.
In the first statement, the positive and negative outputs are weakly discarded. This implies that, without reducing good outcomes, weak outcomes cannot be minimized. The methodological framework indicates that the manufacturing method can simply avoid removing bad outcomes. To date, P has a low disability, indicating that polluting equipment is frequently referred to as being scientifically well modeled to produce both strong and poor outputs. It is defined as follows based on the collection of outputs:
[image: image]
where [image: image] is the technically viable ratings for these input values. In essence, it can be argued that the (y,u) parameter and the (y, u) parameter(x) are regarded as the ecological performance package since in P, high disempowerment of lousy performance is forbidden. Although development technology P is well established, it is not directly used in empirical applications. Thus, an equivalent relationship with P and Shephard separation methods, known to simplify the extra functionality of independent product development, must be established. The gap feature is parametrically and non-parametrically defined; further descriptions are available in Mohsin et al. (2018). Typically, empirical analysis designs and uses linear construction methods in sections for non-parametric configurations. Färe et al. (2004) identified the model as an ecological DEA installed in the DEA framework. Suppose that DMUs are [image: image]. For DMU d, inputs, outputs, and bad output data on the vectors are [image: image], respectively. Further, suppose that [image: image] and [image: image]. Environmental continuous scale return (CRS) DEA technologies can be expressed as follows:
[image: image]
It can be observed that Model 3 substantiates all the properties stated above (e.g., weak disability between positive and negative results and null-jointness). Figure 4 displays the environmental DEA development production package in which three DMUs generate one positive output (y) and one weak output (u) from the same quantities of inputs (x). The three product sets are correspondingly written as A, B, and C. The environmental DEA development is denoted by the Qw (x) performance collection, and OABCD is restricted. When we provide good disposability of low outputs, Qs (x) will become the OECD region, as shown in Figure 4.
Non-radial data envelopment analysis-based climate
Standard DEA methods, such as CCR-DEA, assume that all outcomes for a given input will be maximized (Song et al., 2012). Consequently, the simple manufacturing method generates even poor outcomes as sub-products of positive outcomes, such as many contaminants (Rao et al., 2012). In comparison, better results and fewer bad outcomes should be achieved using minimal inputs (i.e., natural resources). In such situations, conventional DEA methods are not suitable for measuring ecological effectiveness, as poor results need special attention to ensure the more precise outcome of this approach. To date, many DEA methods calculate ecological efficiency by measuring poor performance into the standard DEA system. In addition to these methods, the bad performance method 4) from the DEA proposed by Tyteca (1996) is widely used. In Model 4, the subscript “0” represents the DMU being evaluated in this process. The method offers a systematic and cumulative estimation of ecological sustainability assessment (more than 0 and less than 1). In addition, the environmental factor of this method is the inverse feature of the Shephard distance in (Färe et al., 2004; Zaim, 2004).
[image: image]
Method 4 is beneficial, but slacks in the input and strong outcomes do not exist. That is, while the DMU runs significantly higher, the EPI value will be 1. Only a few of these two DMUs performed well below the maximum effectiveness rate in the DEA technique. Consequently, such deficiencies can be calculated and expressed in EPI (Zhou et al., 2006) using the traditional DEA slack optimization method (Cooper et al., 2007) and presented as follows:
[image: image]
Method 5 places several limitations on poor results. Such limitations ensure the effective use of DMU0 in a strictly ecological manner. It even functions [image: image] (a slack performance test), following minimum amounts of DMU0 contaminants. Therefore, this approach can be considered appropriate for assessing the inefficiency of DMU0. To identify the causes of financial incompetence, slack variables [image: image] may be used. The slack assessment of quality ([image: image]) verifies that [image: image] achieves monotonous and unit distortion properties. A higher value of [image: image] indicates that DMU0 is significantly greater in purely financial efficiency. However, if we delete input and input slacks, for example, [image: image], we obtain [image: image], indicating that two DMUs have no financial deficiencies. Thus, if we combine socio-economic incompetence with mere ecological efficiency, the slack EPI will be achieved.
[image: image]
The slack-based EPI incorporates socio-economic inefficiencies and is also known as an integrated socio-economic performance evaluation index. The slack-based EPI is indeed a structured index because it provides a range of (0,1) and meets the “greater, stronger property.” Moreover, compared with environmental effectiveness, the discriminatory energy of the slack-based EPI is typically more important than that of Method 5. The slack-based EPI may largely represent the views of suppliers and policymakers. Processing companies with reduced socio-economic deficiencies prefer the slack-based EPI, as it penalizes suppliers with high economic deficiencies by [image: image]. In addition, this index encourages inefficient producers to raise their preferred financial efficiency through socio-economic managers and policymakers. It is worth noting that Method 5 requires complicated calculations because it is a partial programming issue. Thus, by applying Charnes–Cooper transformation theories, the process is converted into a linear program. If we let [image: image], then we have
[image: image]
Therefore, we can easily obtain the slack-based EPI of DMU0 by solving 4, 6, and 7 models.
Data sources
This study chooses the six most important economic sectors: agriculture, manufacturing, fuel, transport, mining and quarrying, and construction. Three major indicators of economic and environmental performance were selected. Such input and output indicators include the widespread use of primary energy (TPES) as data, GDP as a positive output, and CO2 as an undesirable output. The units used for the data were TPES, in tons of oil; GDP, in a million Pakistani rupees; and CO2, in kg. The TPES details were managed by the Oil and Gas Regulatory Authority (OGRA), Centre for Agri-Industrial Technology (CAIT) and World’s Resource Institute and Hydrocarbon Development Institute of Pakistan are the sources of CO2 data, and the Ministry of Finance and the State Bank of Pakistan record GDP data. Initially, we also included SO2 as a lousy output in our analysis. However, owing to a lack of authenticated data, we excluded SO2 from our analysis. The data contained in our study are for 10 years, ranging from 2009 to 2019.
RESULTS AND DISCUSSION
Methods were selected based on the significance of indicators and data quality. Then, we applied two methods, and these are 1) the Environmental Performance Index (EPI) and 2) the slack-DEA with indexing, to evaluate the difference in environmental performance of the selected economic sectors.
Information entropy plays an essential role in the slack-based DEA. The DEA also offers essential features for assessing ecological performance. As a result, the DEA method is apt to assess the sector-wide environmental performance of Pakistan; however, awareness of environmental DEA technologies is required before introducing the model.
In the slack-based DEA literature, a context-dependent DEA is developed to provide finer evaluation results by examining the efficiency of DMUs in specific performance levels based upon DEA efficiency scores. The slack-based EPI may largely represent the views of suppliers and policymakers.
The circular debt of the country is continuously increasing due to the reliance on imported and costly fossil fuel energy usage. Meanwhile, fossil fuel resources are quite limited in the country. Thus, it imports most of the fossil fuels, which are quite costly and, thus, increase the burden on the economy of the country.
Input (I) and output (O) indicators
Table 1 presents illustrative figures for the growth rates of specific factors in different industries between 2009 and 2018. The average use of power in all industries, including transportation, is reduced. The agricultural sector saw the highest decrease in power consumption of 15%, while the energy sector decreased by 5%. Nevertheless, the electric services industry grew by 3% over time. The total GDP for all the industries increased. The largest GDP increase was recorded in the power industry (20%), while the mining and quarrying industry experienced a lower annual GDP increase rate. Carbon dioxide emissions displayed a massive decline in the agricultural industry (i.e., 15%)—additionally, the mining and quarrying industry record reducing CO2 emissions, with a 2% decrease. Table 1 also shows that the rest of the sectors (i.e., construction, transportation, manufacturing, and electricity) have increased the CO2 levels by 1%, 1%, 2%, and 5%, respectively.
TABLE 1 | Growth rates (%) of descriptive statistics indicators.
[image: Table 1]Therefore, despite the challenge of meeting the demand for electricity and combating climate change, Pakistan undoubtedly wants to use its immense renewable energy to generate power. It has a large number of sustainable natural resources, including wind, solar, and water resources, while it is the world’s 5th highest producer of sugarcane.
According to the 2012–2013 economic survey, livestock inventory amounts to 70 million. Both cultivation and animals contain significant amounts of crop residues and animal waste that can be used as contributions to the biogas network. The current demand for electricity in the country is 25,000 MW, which could increase by 2025 to 40,000 MW. Studies indicate that Pakistan can produce 360,000 MW (Alternative Energy Development Board Pakistan) of wind power (Javed et al., 2016; Khokhar et al., 2017). The existing green energy program accounts for only 1% of the power production of the country, and the government intends to raise it by 2030 to 5%. The hostility of the Pakistani government toward the Pakistan Renewable Energy Target (RET) is quite disappointing. In the Pakistani market (MOPDR), these new technologies should grow (Ehsanullah et al., 2021; Hsu et al., 2021).
Environmental efficiency performance
Based on the data from 2009 to 2018, we first computed the environmental performance of the key sectors of Pakistan using an EPI. We obtained an environmental performance efficiency score using the slack-based EPI. Table 2 presents the results obtained using both methods. It can be observed from the table that, in contrast to the environmental efficiency of various sectors, the SBEPI has more inequality than the EPI. For example, the EPI of the agricultural and construction sectors is 1 in 2012, and the EPI of the construction and transportation sectors is 1 in 2014. In addition, the EPI of the agricultural sector in 2016 was 1. However, the non-radial SBEPI shows that no country achieved a score of 1 during the study period. In addition to having higher discriminating power, the SBEPI offers a distinct CO2 efficiency metric relative to the EPI, as it combines economic and environmental inefficiencies into a structured graph. Therefore, SBEPI scores of all sectors are much lower than EPI scores because of sectoral economic inefficiencies. Nonetheless, despite their differences, both measures provide fairly consistent rankings of sectors in terms of CO2 emissions. The Spearman’s rank correlation coefficient between the SBEPI and EPI in the 10 years was more significant than 0.9. This is because the SBEPI is derived from the EPI.
TABLE 2 | EPI and SBEPI scores within 2009–2018.
[image: Table 2]The mining and quarrying sector ranked second by obtaining 0.623 EPI and 0.035 SBEPI. The construction sector had an EPI of 0.571 and SBEPI of 0.029. The manufacturing sector was fourth, with EPI and SBEPI values of 0.471 and 0.02, respectively. The transportation sector received the second last position, achieving 0.431 EPI and 0.014 SBEPI. The least efficient sector in the country was the electricity sector, which obtained 0.412 EPI and 0.011 SBEPI.
The current Pakistani government has mainly emphasized decreasing the electricity shortage and shifting transportation from oil toward renewable energy. Nevertheless, the question is as follows: How can the Pakistani government authorities use the current and conventional policies to overcome electricity shortage? The total electricity mix of Pakistan includes nearly 60% of fossil fuel energy and is part of Kessides (2013a). The circular debt of the country is continuously increasing due to the reliance on imported and costly fossil fuel energy usage. Meanwhile, fossil fuel resources are quite limited in the country. Thus, it imports most of the fossil fuels, which are quite costly and, thus, increase the burden on the economy of the country. As shown in Figure 8, much of the energy supply (60.17%) of Pakistan is focused on fossil fuels, supplemented by hydropower (33%), while nuclear, wind, biogas, and solar power account for 5.15%, 0.47%, 0.32%, and 0.03%, respectively. Approximately 3 decades ago, they controlled the electricity system. Subsequently, as shown in Figure 8, this pattern moved to thermal power generation to satisfy the rising demand (NEPRA, 2016; Zameer and Wang, 2018) and investment in the power sector (Kessides (2013b)). Table 3 shows that only after the institutional reforms did the private sector become active and contribute substantially to the scheme (NEPRA, 2016): Pakistan has decided to exploit its vast local gas reserves. Approximately 175 billion tons of lignite are present in the Thar region. The US$ 8.8 billion will be invested in coal power ventures under the China–Pakistan Economic Corridor. The first step of the project would generate 7,560 MW of gas. Construction on the site is ongoing, and a 650 MW coal-fired power plant has been supplying the national grid station since June 2019.
TABLE 3 | Built power production in MW and electrical power in GWh by form.
[image: Table 3]Reliable and safe transmission and distribution of electricity in Pakistan are significant challenges. As shown in Table 2, due to poor infrastructure and severe power theft, transmission and distribution losses (Table 4) accounted for 20.63% in 2015–2016 (NTDC, 2016). However, compared with that in 2014–2015, all DISCO transmission and distribution losses in 2015–2016 were lower. In addition, transmitting ability poses a significant barrier to consumer control. The need for power in 2015–2016 exceeded 25,000 MW, but the transmission and distribution system was only able to provide approximately 12,500 MW (Kato et al., 2013; Shakeel et al., 2016).
TABLE 4 | Display transmission and dispatch (T&D) failures in percentage GWh of overall power generated in Pakistan (source NTDC).
[image: Table 4]Currently, 5,357 biogas plants are deployed in different sections of the world. However, to exploit this abundant renewable resource, Pakistan needs to increase biomass investment to a significant level. This will help mitigate the energy crisis and create employment opportunities with environmental benefits (Butt et al., 2013; Malik and Maqbool, 2017).
Sensitivity analysis
Sensitivity analysis examines whether the findings are affected by specific shifts in parameter weights. In seven more cases, we used the slack-based environmental efficiency index of various economic sectors in different studies in 10 years (from 2009 to 2018) to explain any effect on the outcome. Table 5 illustrates the various weights used in the seven sectors, while Figure 9 highlights the effects of these sectors. We can observe in Figure 9 that agriculture protection is the highest score of all years of research, affecting the economic system of Pakistan. Hence, it can be assumed that the findings are robust.
TABLE 5 | Slack-based environmental performance index for different sectors in Pakistan.
[image: Table 5][image: Figure 9]FIGURE 9 | Sensitivity analysis.
DISCUSSION
Pakistan has a strategic physical position, and its socio-economic survival is crucial to the total sustainability of its territory (Chandio et al., 2020a; He et al., 2020; Zhang et al., 2020; Yang et al., 2021). In comparison, almost 40% of the country’s population lives in extreme poverty. Thus, the country is under enormous strain to boost its socio-economic growth to enhance the quality of life of its population. However, the promotion of economic development has detrimental environmental effects. In this study, the leading six sectors, which are significant contributors to the economy of the country, are specifically selected. The economy is categorized into the input and output of the sectors. These sectors of the study were selected based on the topic’s scope and relevance in the extant literature. The location of the country indicates the geographical importance of the country worldwide. Hence, geographical location is strategically crucial in the region (Liu et al., 2020; Chien et al., 2021). Thus, financial stability and economic growth are significant concerns for the region. Pointing out that the full ecological DEA modes anticipate that the boom or lower output in ideal and unwanted performance is relative. This indicates that such modes no longer consider the lack of input and production when comparing the overall ecological performances. However, while these modes have many important theoretical features, one key drawback is that few DMUs will acquire one rating of the use of those modes, making it difficult to compare them substantially. This leads to uncertainty and doubts that even DMUs receiving performance rankings may not be working satisfactorily. Thus, featuring input and output slack will become significant to obtain additional practical performance measures. As such, this observation follows the slack-primarily-based DEA version proposed by Zhou et al. (2006) in the direction of modeling the environmental performance of the financial sectors of Pakistan. The version tests slackness and provides a better specific ability, so the performance ranking is more accurate (Mohsin et al., 2019a; Mohsin et al., 2019b; Mohsin et al., 2019c).
This report provides an integrated ecological performance review covering nearly all significant economic industries. In Pakistan, similar research has never been conducted. Consequently, not much has been done to enhance ecological efficiency, which was low, as observed in this paper. This study provides a significant contribution by presenting an environmental analysis of the major sectors, which are the engine of the economy; it ensures that these sectors are efficient, sufficient, and useful as well as being frontiers (Taghizadeh-Hesary and Yoshino, 2019; Taghizadeh-Hesary and Yoshino, 2020). The innovative contribution of the study entails that these environmental laws are well framed, but not appropriately implemented. Studies at the sectoral level are sporadic in Pakistan and express distinctions in contribution to the literature of the topic. Several scholars have endorsed this study. However, Davis and Kahn (2008) mostly preset evidence that macroeconomic vitality is trended in different countries and different periods, which has its own agitation, as in the United States in the poster situation (Asbahi et al., 2019; Anser et al., 2020; Chandio et al., 2020b; Iram et al., 2020).
CONCLUSION AND POLICY IMPLICATIONS
The environmental efficiency of the primary business fields of Pakistan, such as agriculture, production, mining and quarrying, building, electricity, and transport, have been analyzed. The analysis is conducted based on the three most relevant and significant indicators: TPES as input, GDP as sound output, and CO2 as lousy output. Two different models were used to measure the environmental performance. These models included an EPI and a non-radial SBEPI. The reason for using the SBEPI is that the conventional EPI can provide an efficiency score of 1 to many comparable DMUs. Therefore, the validity of the comparison between these DMUs is vague. The SBEPI, on the other hand, has higher discriminating power and provides a more comprehensive measure. A comparison of the results confirms that the results obtained from the SBEPI are more reliable than those obtained from the EPI. Overall, the results reveal that the environmental performance of all sectors remained poor.
This, study makes a significant contribution by analyzing the environment of the main sectors that serve as the economy’s engine, ensuring that these sectors are efficient, adequate, and helpful, as well as being frontiers. The unique contribution of the study is that environmental regulations are well drafted but ineffectively executed. In Pakistan, sectoral research is scarce, although it significantly adds to the literature on the subject. This study has received support from a number of academicians and researchers (Iqbal et al., 2020; Liu et al., 2020; Taghizadeh-Hesary et al., 2020). Meanwhile, Davis and Kahn (2008) mainly provided evidence that macroeconomic vitality has trended in different nations and times, creating an agitating situation, such as in the United States in the poster situation.
Policy implication
To improve the environmental performance, this study has provided some policy implications. First, it suggests that a government’s contribution and role are tangible in strengthening and promoting environmental performance through different means and methods that directly and indirectly positively affect the business and economic system of a country. Furthermore, the government urgently needs to utilize a rating system to incentivize and accelerate environmental performance.
Similarly, the government should punish poorly performing entities. To ensure capacity enhancement and stability of environmental management and related measures, access to information, training of human resources, and infrastructure to enable best performance should be provided. SMEs can undertake such initiatives in a country. Note that progress does not occur overnight but goes through several phases of development to appear as visible progress. Hence, improving environmental performance is a long journey to achievement. However, consistent command and control are required to ensure gradual progress. All necessary steps must be taken, and all required milestones should be followed to avoid procrastination and unnecessary delays in implementation. The approach to measuring ecological quality will play a critical role in determining whether an organization is on the right track to meet the goal. The strategy of using fossil fuels to produce energy in Pakistan has not been successful as a means of resolving power shortages; therefore, it is unlikely that using the same method would yield significant results. The other significant reason not to rely on traditional energy is that Pakistan is ranked among the world’s top 10 climatically endangered countries. Thus, Pakistan should shift to renewable resources that abound in it.
• First, the study indicates that the participation and function of the government in improving and boosting environmental performance are tangible by using various methods and techniques that directly and indirectly impact the business and economic system of the country.
• The government must immediately implement a grading system to encourage and expedite environmental performance.
• Providing access to knowledge and training to groom human resources and allow the highest performance is critical to ensuring environmental management’s capacity development and stability, and associated actions.
• To prevent procrastination and unnecessary delays in execution, all essential measures must be implemented, and all guidelines must be followed.
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