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Introduction: The green GDP accounting system has become the focus of sustainable development, but a comprehensive accounting of environmental pollution cost and resource depletion cost has not yet been formed.
Methods: This study measures environmental pollution cost and resource loss cost, and establishes the green GDP accounting system based on the SEEA-2012. To analyze the environmental effects brought by the adoption of green GDP accounting system, a BP neural network model including green GDP, traditional GDP and global climate indicators is constructed to predict the global climate changes.
Results: The empirical results show that after the adoption of the green GDP accounting system, the global climate extreme weather can be reduced, the sea level will be lowered, and the climate problem is thus alleviated.
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1 INTRODUCTION
With the rapid growth and material accumulation of the global economy, the problem of environmental pollution has become a focus of the world, thus highlighting the importance of green development. However, the traditional Gross Domestic Product (GDP) accounting method can no longer meet the strategic requirements of sustainable development, which motivates the innovation of green GDP accounting approach (Wang et al., 2014).
As the core indicator of national economic accounting, GDP can well reflect the overall economic situation of a country or region. Nevertheless, the traditional GDP accounting simply sums up social wealth, ignoring the losses caused social factors such as the reduction of natural resources and environmental damage in the production process. Therefore, the traditional GDP accounting cannot reflect the benefits brought by the improvement of ecological and environmental quality (Stjepanović et al., 2017). In the economic activities of human beings for thousands of years, people have ignored the harm of environmental pollution, which has caused great damage and waste to environmental resources (Stjepanović et al., 2017). Therefore, the green GDP accounting system emerged. The concept of green GDP emerged in the early 1990s as a response to the imperfection of traditional GDP measures in considering specific types of economic costs that affect human wellbeing such as the environment. Green GDP considers the impact of natural resources and the natural environment on the output of an economy, thus reflecting the final result of economic activities in a country or region after considering natural resources and environmental factors (Lu et al., 2013).
Green GDP accounting implements the concept of sustainable development and people-oriented, and reflects the economic development and sustainable development capacity of a country or region (Aguilar-Rivera, 2020). Although there is a framework system for green GDP accounting (Chakraborty and Mukhopadhyay, 2014), there are few studies on the economic impact, internal theoretical mechanism and environmental improvement effect of the green GDP accounting system. The main contribution of this study to the literature is that we measure the environmental impact of the green GDP accounting system. Specifically, we calculate the green GDP of four countries based on System of Environmental-Economic Accounting 2012 (SEEA-2012), including the United States (U.S.), China, Switzerland and Africa. Then, the neural network model of green GDP, traditional GDP and global climate is constructed to compare the climate change of these three countries under the two accounting systems. Based on the prediction results, we find that economic development, pollutant emission reduction and environmental damage reduction should be carried out simultaneously for a sustained development. Meanwhile, focusing on energy conservation and emission reduction is more conducive to the sustainable development of the country.
This study is organized as follows. Section 2 reviews related literature. Section 3 introduces the accounting model of green GDP. Section 4 reports the data and model used to measure green GDP and evaluate the impact of green GDP accounting system on climate changes. Section 5 summarizes the results and makes sensitivity analysis. Section 6 concludes this study.
2 LITERATURE REVIEW
In 1993, the SEEA formally proposed the concept of green GDP, and SEEA2003 refers to the adjustment of resource consumption, environmental degradation and environmental protection expenditure of economic aggregate as green GDP accounting (Edens et al., 2022). In March 2021, the United Nations Statistical Commission (UNSC) formally adopted the SEEA-Economic Accounting. The accounting system of green GDP can be divided into green GDP1.0 stage and green GDP2.0 stage.
In the green GDP1.0 stage, the main feature of it is the subtraction of GDP, that is, environmental and ecological loss costs are deducted on the basis of current GDP. According to the literature, the green GDP1.0 accounting mainly has the following three calculation methods. The first one is from the flow adjustment perspective. Bartelmus (2001) propose that the cost of environmental and resource losses should be included in GDP to reflect the impact of economic development on the environment and resources. The second one is from the stock adjustment perspective. Pearce and Atkinson (1993) propose a sustainable development measurement method based on capital theory, i.e., the “weak sustainability indicator”. This approach considers natural capital as a form of capital and combines it with human and physical capital to calculate the total capital stock for sustainable development. The third one is from the input-output perspective. Chen and Gao (2007) propose an accounting method of green GDP based on the value of ecosystem services. They evaluate the ecosystem services involved in agricultural production in Ansai, and calculate the contribution value of agricultural production to ecosystem services, thus obtaining the green GDP of agricultural production in Ansai. Gatto et al. (2021) construct three new Energy Sector Development Indices from data collected from 38 oil-producing developing and transition economies between 1989 and 2019 to measure basic indicators of environmental pollution. In March 2015, China’s Ministry of Environmental Protection announced the resumption of green GDP, known as green GDP2.0 accounting. With the rapid economic growth in China, the concept of sustainability is deeply rooted in people’s hearts. The innovation of green GDP2.0 lies in the accounts for environmental costs environmental benefits. The widely recognized green GDP2.0 accounting adds one item and reduces three items on the basis of traditional GDP accounting, i.e., green GDP2.0 = traditional GDP - cost of environmental pollution loss - cost of natural resource consumption reduction - cost of environmental governance + benefit of resource and environment improvement (Yu et al., 2019). Wiedmann and Lenzen (2018) also propose a green GDP accounting method based on input-output analysis, i.e., the environmental and social footprints method. This method decomposes economic activities into different industries and valuates the environmental and social impacts of these industries. The value of green GDP is obtained through summing these impacts. The green GDP2.0 improves current green economic accounting system and is theoretically operable.
The research on the green GDP accounting system is relatively mature, and the green GDP accounting system is applied from different perspectives. For example, from the perspective of resource consumption, Pearce and Atkinson (1993) include the consumption of natural resources into GDP accounting and reflect the impact of natural resource consumption on the economy by calculating the economic depreciation value of natural resources. Based on the perspective of ecosystem, Costanza et al. (1997) calculate the value of ecosystem services to reflect the contribution of ecosystem to economy and GDP. There are also many studies based on the social perspective. For instance, Dasgupta and Maler. (2004) propose an economic model based on a non-convex ecosystem, taking into account the nonlinearity and uncertainty of ecosystem, to evaluate the impact of environmental quality on economic growth. Based on the measurement of sustainability and wealth, Arrow et al. (2012) incorporate the value of natural capital and human capital into the accounting of GDP, suggesting that green GDP is a beneficial supplement to the traditional national accounting system. The green GDP accounting also has important implications for the consumption decisions of environmentally friendly products, production decisions of environmental sensitive enterprises, government debt behavior, economic growth, etc. (see, for example Mammadli et al., 2021; Mammadli, 2022; Zeynalova and Namazova, 2022; Sadik-Zada et al., 2023).
According to the literature, the methods used for green GDP accounting are mainly divided into two categories. One is direct measurement, including production method and expenditure method. The production method refers to the total output obtained after deducting intermediate inputs from the output of various industrial sectors, except that the intermediate inputs used to calculate green GDP include both consumed economic assets and natural assets. The expenditure method adds the output value of natural resource consumption to the original accounting. Direct measurement is rarely used at present, and more studies focus on the indirect measurement. The indirect measurement method mainly refers to the addition of resources, environment, society and other indicators on the basis of traditional GDP measurement (Kunanuntakij et al., 2017). According to different accounting ideas, it can be divided into input-output method, emergy analysis method and cost accounting method. Many scholars construct the sustainable development index SDI based on emergy analysis to improve the accounting of green GDP, and calculate the sustainable development of cities, the green development of ecosystems, and the green economic growth of agriculture (e.g., Huang et al., 2006; Zhang et al., 2011; Li et al., 2021; Hu et al., 2022).
Cost accounting methods mainly include environmental pollution cost accounting and natural resource consumption reduction cost calculation. When calculating the cost of environmental pollution, it is mainly divided into air pollution degradation cost, water pollution degradation cost and solid waste land loss cost. At present, there are many studies on the degradation cost of water pollution and air pollution. The estimation of the cost of water environmental degradation includes two methods. The first is the evaluation method based on protection cost, which mainly includes two parts: the opportunity cost of pollution abatement and the reduction cost of eliminating or reducing pollutants. The second is the damage-based water environment degradation assessment method. This method usually adopts the classification calculation method to divide the water pollution loss into several sectors, such as industry, agriculture, fishery, tourism, municipal construction, household consumption and human health, etc. The loss value of each category is calculated and summed to obtain the final loss. The research on the cost of atmospheric environmental degradation mainly focuses on the economic loss of agricultural production reduction and the economic loss of residents’ health. Finally, the calculation of the cost of natural resource consumption is mainly based on the natural resource accounting model of minerals, land, forests and water resources. Natural resources are divided into renewable resources and non-renewable resources, and their consumption reduction cost accounting methods are different. In the literature, the replacement cost method is widely used to measure the consumption reduction cost of renewable resources, and the opportunity cost method or alternative cost method is used to calculate the consumption reduction cost of non-renewable resources.
With the development of artificial intelligence, neural network prediction methods have gradually gained attention. The BP neural network is one of the most representative neural networks, which focus on finding out the nonlinear relationship between various variables through in-depth research on historical data, and continuously adjust the weight of each unit in the network according to the deviation between the output and the expected value, so as to minimize the deviation of the whole network. The BP neural network has been widely used, e.g., to free cash flow prediction, financial risk prediction of enterprises, subway settlement monitoring (Han et al., 2021; Song et al., 2021; Xu and Zhao, 2022).
The research of BP neural network for monitoring environmental problems is still in its infancy. According to the literature, the BP neural network model can calibrate the detection data and has a high degree of accuracy after calibration. Therefore, based on the green GDP accounting system established on the basis of SEEA-2012, this study constructs the neural network model of green GDP, traditional GDP and global climate to explore the economic impact of the green GDP accounting system and its internal mechanism. We further verify whether the adopting of green GDP accounting is conducive to improve the environmental quality.
3 THE ACCOUNTING MODEL OF GREEN GDP
In this study, we adopt the idea that the green GDP accounting system refers to the accounting system that deducts the cost of natural resource consumption and environmental degradation control from the traditional GDP, which represents the net positive effect of national economic growth and more truly reflects the development status of a country’s green economy and people’s living standards (Kunanuntakij et al., 2017). The setting of the green GDP accounting system in this paper is based on SEEA (2012), which includes natural resources and environment in the accounting system, and establishes the accounting index of green GDP. SEEA accounting system is the product of the current System of National Accounts and sustainable development economic concept, and is the world’s first unified accounting standard for environmental economic system. This accounting system establishes a statistical database of natural resources and environmental indicators on the basis of maintaining the core structure of GDP accounting, which is used to evaluate the relationship among GDP, natural resources and environment, and calculates green GDP by constructing environmental degradation accounts and resource depletion accounts.
Based on the SEEA accounting system, the accounting equation of green GDP can be expressed as:
[image: image]
where [image: image] is the cost of environmental degradation, [image: image] denotes the cost of resource depletion.
The cost of environmental degradation, also known as the cost of environmental pollution, refers to the value of environmental pollution loss and the cost of environmental protection, mainly including the cost of environmental degradation caused by air pollution, water pollution and soil pollution.
[image: image]
Current studies mainly use carbon emission costs to represent environmental costs, and ignore SO2 emission costs and environmental damage caused by water and solid pollution (Pearce and Atkinson, 1993). Therefore, we choose the air pollution account represented by carbon and SO2 emissions, the water pollution account represented by wastewater discharge, and the solid pollution account represented by solid waste discharge and solid waste storage to measure environmental pollution costs.
Resource depletion costs refer to the value of resources consumed in economic activities. Given the dependence of economic development on fossil energy and water resources, we select fossil energy consumption and water resources consumption to measure resource consumption costs as follows:
[image: image]
Environmental improvement cost refers to the positive economic benefits brought by using waste or improving environmental conditions, including the output value of comprehensive utilization of waste and the ecological benefits of gardens. However, some studies show that the environmental improvement cost has a small impact on the accounting of green GDP (e.g., Shen et al., 2017). Therefore, we adopt the accounting system as shown in Figure 1.
[image: Figure 1]FIGURE 1 | Green GDP accounting system.
The measurement of green GDP is processed as follows. Firstly, we measure the physical quantities of various environmental pollution and resource depletion according to industrial data. Then, we convert them into real values expressed in money. Finally, the environmental degradation cost and resource consumption cost are excluded from the traditional GDP to obtain the green GDP.
Environmental degradation cost mainly includes air pollution cost, water pollution cost and solid pollution cost, among which air pollution mainly includes CO2 pollution and SO2 pollution, and the calculation process of carbon emission pollution cost is as follows.
[image: image]
where [image: image], [image: image], and [image: image] represent carbon emission environmental pollution cost, total carbon emission, and conversion factor, respectively. We use the conversion factor [image: image] = 2.33 JPY/kg measured by the life cycle impact assessment method of end-point modeling 2 (LIME2) which denotes the shadow price of carbon emissions (Kunanuntakij et al., 2017). We then convert JPY into dollars and adjust it using purchasing power parity. The formula for calculating the environmental cost of SO2 emissions is:
[image: image]
where [image: image], [image: image], and [image: image] represent SO2 emission environmental pollution cost, total SO2 emission, and the shadow price of SO2, respectively. The shadow price of pollutants can be expressed as the change in environmental output caused by a change in a unit of pollutant at a certain output level. Hence, the shadow price of SO2 can measure the impact of SO2 emissions on output.
The cost of water pollution is mainly the cost of treatment caused by wastewater pollution, which is calculated as follows:
[image: image]
where [image: image] and [image: image] represent the amount of wastewater discharge and unit wastewater treatment cost, respectively. The cost of wastewater treatment is derived from China Technical Guide for Environmental and Economic Accounting (2009). Data for other years are adjusted for the price level.
The cost of solid pollution mainly refers to the cost of treatment caused by solid pollutant discharge pollution, which is calculated by:
[image: image]
where [image: image] and [image: image] represent the amount of solid waste emissions and treatment cost per unit of solid waste discharge, respectively.
Resource depletion costs mainly include fossil energy consumption costs and water consumption costs, measured by the following two equations:
[image: image]
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where [image: image] and [image: image] represent the amount of fossil energy consumed in an economy and the shadow price of fossil energy, respectively. [image: image] denotes the amount of water consumed during transportation and utilization through transpiration and evaporation, soil absorption, product adsorption, and drinking by residents and livestock. [image: image] is the unit price of water resources.
4 DATA AND METHODOLOGY
4.1 Data
To measure the expected impact of the adoption of green GDP accounting system on climate mitigation, it is necessary to obtain the trends of temperature, precipitation and sea level height indicators before and after the switch from GDP accounting system to green GDP accounting system. This paper uses the BP neural network to train each country’s GDP, carbon dioxide emissions, sulfur oxide emissions, wastewater production and other six indicators to measure environmental pollution and resource consumption, and use the green GDP accounting system established in this paper to calculate the green GDP of each country. Then, the green GDP and the above indicators are put into the trained BP neural network model to predict the changes of climate indicators after the adoption of the green GDP accounting system.
Therefore, we collected GDP and six indicators measuring environmental pollution and resource consumption, including carbon dioxide emissions, sulfur oxide emissions, wastewater production, solid waste emissions, fossil energy consumption and water consumption from 58 countries. Meanwhile, global climate indicators are also collected. Data sources include but are not limited to the EU, the World Bank, the United Nations and other authoritative organizations or institutions, as shown in Table 1.
TABLE 1 | Indicators of environmental pollution and resource consumption.
[image: Table 1]In using the BP network, to improve the convergence speed and accuracy of the model, we normalize the data using the range transformation method. For positive indicators such as GDP, they are normalized as follows:
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For negative indicators such as carbon dioxide emissions and wastewater emissions, they are normalized as follows:
[image: image]
where [image: image] and [image: image] denote the maximum and minimum values of corresponding variable.
According to the standards of the International Meteorological Organization, the indicators to measure global climate change mainly include temperature change, precipitation change, greenhouse gas concentration change, sea level rise, ocean heat change and ocean acidification. Among them, the change of temperature and precipitation is often the most easily perceived and concerned by people, and the data of global average sea level rise are easy to obtain. Therefore, this paper chooses temperature, precipitation and global mean sea level height as indicators to measure climate change.
This paper studies four representative countries, including the world’s largest developed country, i.e., the United States (U.S.), the largest developing country, i.e., China, an old developed country praised as “a country without garbage pollution”, i.e., Switzerland, and a heavily polluting developing countries, i.e., Egypt. The U.S. is one of the largest economies in the world, and its economic situation and climate change have a global impact. China is one of the countries with the largest population and the fastest economic growth. Its economic situation and climate change also have a great impact on other countries. Additionally, China has a vast territory and diverse climate, which can exhibit representative impacts of climate change on economies. Egypt is a developing country with a high population growth rate and a relatively weak economic strength. Given its geographical location, climate and other factors, the economic and climate change situation in Egypt is quite different from other countries. These countries are located on four continents, i.e., North America, Asia, Europe, and Africa, and can to a certain extend provide a comprehensive understanding of the relationship between climate change and economic development.
4.2 BP neural network
BP algorithm is the most widely used learning method in feedforward neural network. BP neural network consists of input layer, hidden layer and output layer. The basic structure is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Schematic diagram of BP network topology.
The layers of the neural network are connected to each other, and the neurons in each layer are independent from each other. In the process of training with a large amount of data, if there is a large error in the prediction result, to improve the prediction accuracy of the model, the error is set to each level through the method of data signal back propagation to obtain the error signal of each unit, and the threshold and weight of the model are constantly adjusted. Therefore, the algorithm has the ability to self-regulate.
In this paper, three layers of BP neural network are used, including input layer, hidden layer and output layer. The input layer is a structure used to receive external signals. The number of neurons is set to be seven, corresponding to six input variables of the model and GDP. The output layer is the final prediction result. The number of neurons is set to be three, corresponding to the output of temperature, precipitation and sea level height. Generally, increasing the number of hidden layers can improve the accuracy of the system, but will complicate the structure and increase the workload. The number of hidden layers in this paper is three, and there is no unified method to determine the number of neurons in the hidden layer. The most commonly used method is to determine the number based on the following empirical formula combined with trial and error: [image: image], where M, P and N are the number of neurons in the input layer, hidden layer and output layer, respectively. Through constantly adjusting the number of neurons in the hidden layer and the activation function of the neural network, and using the gradient descent method to adjust the parameters to make the error as small as possible, the optimized network structure is M = 7, p = 14, N = 3.
5 EMPIRICAL RESULTS AND DISCUSSIONS
5.1 The impact of green GDP accounting system on climate indicators
This paper selects four representative countries, i.e., China, the United States, Switzerland and Egypt, as research objects to analyze the climate change from 2011 to 2020. In recent years, the global average temperature has continued to rise significantly. However, there are prominent differences in the amount of precipitation in different regions. In some areas, rainfall events are very frequent and intense, resulting in frequent floods, heavy rains and other disasters, e.g., in Asian countries such as China and India, and some African countries. Nevertheless, in some other regions, such as Australia, the southwestern United States, and the Sahara Desert in Africa, precipitation has decreased, leading to increased drought problems. Such irregular precipitation patterns increase disaster risk and water management challenges.
First, we compare the changes in temperature and precipitation before and after replacing GDP with green GDP within selected countries, i.e., the U.S., China, Switzerland and Egypt, based on the BP neural network model. As shown in Figure 3, after using green GDP accounting system instead of traditional GDP accounting system, the fluctuation of average precipitation in the four countries has been greatly reduced. Meanwhile, the fluctuation of temperature has also been reduced to a certain extent. Therefore, the results generally indicate that after adopting the green GDP accounting system, the magnitude of climate change has been reduced, and the global climate extreme weather may be reduced. In addition, the surface temperature is generally reduced to a certain extent, thus indicating that replacing GDP with green GDP can promote climate mitigation. Therefore, green GDP accounting demonstrates the connotation of high-quality development and helps to fundamentally reverse the wrong direction of disruptive development.
[image: Figure 3]FIGURE 3 | Temperature and precipitation change before and after the adoption of green GDP.
Comparing across different countries, we find that China and Egypt experience larger decreases in surface temperature than the U.S. and Switzerland. One possible reason is that after the adoption of green GDP instead of GDP accounting, the economic growth mode and development stage of different countries and regions may be differently affected, which then exhibits an impact on the surface temperature. The other reason is that industrial and agricultural production and life need to consume a lot of energy, water resources, land resources, human resources and material capital. In the process of economic development, it is inevitable to consume resources, produce economic value and bring negative environmental benefits, that is, to invest a lot of resources, obtain a certain economic growth after social production activities, and produce waste affecting the environment. China and Egypt are both developing countries, and their economic development mainly depends on heavy industry and manufacturing, which generate large emissions. The adoption of green GDP accounting system will promote more innovation and technological progress, which is conducive to reducing emissions and resource consumption. Therefore, a stronger reduction in surface temperature is found in these two countries. By contract, the U.S. and Switzerland have more developed and diversified economies that can better adapt to the changes caused by green GDP accounting. Also, these countries pay more attention to environmental protection than most developing countries, thus resulting to a relatively small impact on surface temperature.
In recent years, global warming has caused the surface of the ocean to rise continuously. Water expands as temperatures warm, and melting ice caps and glaciers on land further raise sea levels. We use data from the NOAA/NESDIS/STAR Satellite Altimetry Laboratory to analyze the impact of accounting system on ocean hydrological data represented by global mean sea level. They provide estimates of sea level rise based on measurements from satellite radar altimeters. TOPEX/Poseidon (T/P), Jason-1, Jason-2 and Jason-3 (which have been monitoring the same ground orbit since 1992) and most altimeters in operation since 1991 (including T/P, Jason.1, Jason.2, Jason-3, ERS-2, GFO and Envisat) plots and time series are available. Figure 4 displays the global mean sea level. Based on the BP neural network, we calculate the global mean sea level of the selected countries (China, the U.S., Switzerland and Egypt) after using green GDP instead of GDP during 2011 and 2022, and show the results in Figure 5.
[image: Figure 4]FIGURE 4 | Comparisons between countries in impacts on lowering global sea level.
[image: Figure 5]FIGURE 5 | Comparisons between countries in impacts on lowering global sea level.
According to Figure 5, the global mean sea level can be reduced after using the green GDP accounting system to replace the traditional GDP accounting system in selected countries. China has the largest potential impact in lowering the global sea level, followed by the U.S., Egypt and Switzerland. Each country has different degrees of adaptation to the green GDP accounting system and progress in environmental protection and emission reduction, thus resulting to various impacts on lowering sea levels. According to the results, it can be speculated that the more positive actions a country has already taken on environmental protection, the smaller its impact on sea level. For a country with a large land area and a low level of economic development, the impact on the global climate after adopting green GDP instead of GDP would be substantial.
Overall, based on the empirical results, replacing the traditional GDP accounting system with the green GDP accounting system can help reduce the emission of pollutants and damage to the environment while developing the economy. On the one hand, adopting a green development system can help reduce global temperature and sea level height. At the same time, it helps to protect Marine biodiversity and prevent the destruction of Marine ecosystems. On the other hand, sustainable development is the inevitable choice of economic development, and resources are always limited and scarce. The green GDP accounting system is helpful to save resources and protect the environment. Therefore, focusing on energy conservation and emission reduction can promote the transformation and innovation of economic development mode, which is more conducive to the sustainable development of the country.
5.2 Sensitivity analysis
To ensure the robustness of our empirical results, we make corresponding sensitivity analysis. We use the BP neural network model developed in forecasting temperature and precipitation in the U.S. to make sensitivity analysis. Specifically, we reduce and increase the GDP in the U.S. by 5%, respectively, and put changed values into the BP neural network model developed in the empirical study. The forecast results of temperature and precipitation are shown in Figure 6.
[image: Figure 6]FIGURE 6 | Sensitivity analysis (the U.S. as an example).
It can be seen from Figure 6 that when GDP changes by 5% (increase or decrease), both temperature and precipitation change to some extent. Nevertheless, the overall trend remains unchanged with a small deviation within an acceptable range, thus indicating that small changes in numerical values will not have a significant impact on the model results. Therefore, the empirical results are relatively robust.
6 CONCLUSION
This paper considers the economic impact of green GDP accounting system and explores whether it is conducive to improving environmental quality. We eliminate the cost of environmental degradation and resource consumption from the traditional GDP accounting system, and construct the green GDP accounting system. Based on the current GDP accounting system, we add air pollution account represented by carbon and sulfur dioxide emissions, water pollution account represented by wastewater emissions, and solid pollution account represented by solid waste emissions and solid waste storage. Based on the green GDP accounting system, we select four representative countries, i.e., China, the U.S., Switzerland and Egypt and build a global climate neural network model to measure the cost of environmental pollution and the cost of resource depletion. The BP neural network is further used to train the traditional GDP accounting and six indicators to measure environmental pollution and resource consumption. Finally, the BP neural network model of green GDP, traditional GDP and global climate is constructed to predict the changes of relevant climate indicators after using the green GDP accounting system.
We have two important findings. First, the green GDP measured in this paper considers costs of carbon dioxide emissions, sulfur oxide emissions, wastewater production and other indicators. After the adoption of the green GDP accounting system, the fluctuating of average precipitation is significantly reduced, thus indicating that the adoption of the green GDP accounting system may reduce extreme climate changes, which will alleviate the climate warming to a certain extent. Second, the adoption of a green GDP accounting system can help reduce global sea level height. Green GDP accounting helps to fundamentally reverse the direction of destructive development. For countries with low levels of economic development, if the green GDP accounting system is adopted instead of the traditional GDP accounting system, it will help them to balance economic and environmental benefits.
The findings in this study have some important implications. First, green GDP2.0 has returned to people’s vision, comprehensively and objectively reflecting the environmental cost of economic activities. The development of green GDP requires a unified supply and demand service platform for energy conservation and environmental protection, and focusing on promoting green and low-carbon development. Technological transformation and innovation should be encouraged to unleash new drivers of growth, and promote green and low-carbon integrated development of industries. Second, in the development of green economy, the government should effectively play the role of leading and controlling green development, accelerate the top-level design and institutional construction of green development, and guide and regulate the mode of production and way of life. Infrastructures for green development should be improved, and carbon emission exchanges and carbon taxes should be refined, to reduce the cost of carbon emissions. Third, currently, there is no standard system for green GDP accounting, so a unified accounting method should be developed to synchronize green GDP accounting with traditional GDP accounting. On this basis, a set of operable green accounting standards can be designed and formulated to provide data support for green GDP accounting and decision-making basis for green economic development. This study can be extended from many aspects. For example, follow-up studies can focus on the application of our green GDP accounting system in practice, and continue to explore how to effectively reduce environmental damage while promoting steady economic growth. Meanwhile, the impact of artificial polymers can be further considered in the green GDP accounting system. This can reflect the negative effects associated with the evaporation of artificial polymers and their return to earth, such as imbalance problems, radiation from polymers and asbestos, and resulting human diseases.
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