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Abstract— This paper predicts the total energy consumption, carbon 

dioxide emissions and gross domestic product in eight Asian 

countries over the period 2019-2023. According to actual 

parameters, this article applied Grey models including GM(1,1), 

DGM(1,1) and DGM(2,1) to forecast the future value of three 

variables. By evaluating the results of the three forecasting models, 

the DGM(1,1) model has higher accuracy than others. The results of 

the study provide useful information for Asian policy makers in 

balancing economic development and environmental protection. 
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I. INTRODUCTION  

Nowadays, the greenhouse effect and global warming has 

become a worldwide issue of concern. The International 

Energy Agency (IEA) point out that high CO2 emissions are 

the main cause of the increase in temperature and climate 

change around the world. Moreover, worldwide energy 

consumption rose by 2.3% in 2018, almost twice the average 

rate of growth since 2010. Due to higher energy consumption, 

global energy-related CO2 emissions also increased by 1.7%. 

Higher energy demand was driven by the global economy 

which expanded by 3.7% in 2018 compared to 2010. With the 

rapid development of Asian economy, the energy demands of 

Asian countries are increasing in the past few years. 

According to the IEA, Asian’s energy consumption increased 

60% in the past 15 years. Therefore, Asian countries need to 

promote energy efficiency. Moreover, Asian countries account 

for 2/3 of global CO2 emissions, in which the largest CO2 

emissions are from China. In 2018, the large emitting 

countries are China (28%), India (7%), Japan (3%), Indonesia 

(2%), South Korea (2%), respectively [1].  

Ozturk and Acaravci [2] also showed that CO2 emissions 

plays a key role in promoting the greenhouse effect and more 

than 60% of the impact of greenhouse gas emissions comes 

from CO2 emissions. Lee and Chang [3] point out that energy 

consumption is the main cause of increased CO2 emissions 

that are harmful to health and environmental pollution. The 

other sides, climate change is associated with excessive energy 

consumption, constraining economic growth, and creates 

unsustainable growth cycles [4].  

Therefore, many studies have been finding solutions to 

balance economic development and environmental protection. 

The relationship between CO2 emissions, energy consumption 

and gross domestic product (GDP) has been extensively 

exanimated over the past two decades [5-8]. The investigates 

and forecasts of energy consumption, economic growth and 

CO2 emissions, which has important policy significance for 

many countries to reduce carbon dioxide emissions. Thus, 

forecasting of energy consumption, CO2 emissions and GDP 

for countries is an essential issue, especially in Asian 

countries. Recently, there are many researcher have 

implemented difference forecasting approaches to forecast the 

energy consumption, GDP as well as environmental problems. 

Mardani et al. [9] applied an adaptive neuro-fuzzy inference 

system (ANFIS) model to investigate the relationships among 

CO2 emissions, energy consumption, and economic growth in 

G20 countries. The results point out that increasing energy 

consumption and economic growth in some countries, CO2 

emissions will continue to rise. Wu et al. [10] implemented a 

novel multi-variable grey model to forecast economic growth, 

urban population, energy consumption and CO2 emissions in 

Brazil, Russia, India, China, and South Africa. The results 

showed that these countries should improve their energy 

efficiency to reduce the CO2 emissions.  Ardakani et al. [11] 

used the multiple linear regressions (MLR), multivariate 

adaptive regression splines (MARS), and the artificial neural 

network (ANN) to predict the annual energy consumption of 

the Nordic countries including Denmark, Finland, Norway, 

Iceland and Sweden. Hamzacebi and Karakurt [12] applied 

Grey prediction model to forecast energy related CO2 

emissions of Turkey. The results showed that CO2 emissions 

of Turkey will reach up in 2025 compared with 2010. 

Sadorsky [13] implemented Panel integration techniques to 

estimate renewable energy consumption, CO2 emissions and 

oil prices in the G7 countries. Ho [14] applied Grey 

forecasting model to forecast renewable energy consumption, 

CO2 emissions and economic growth in Vietnam. The results 

give information to help policymakers in order to improve 

economic growth, energy efficiency and CO2 emissions in 

Vietnam. Ofosu-Adarkwa et al. [15] applied Grey forecasting 

method to estimate CO2 emissions of China’s cement industry. 

The study provided a reference to help policy maker to 

achieve emissions reduction targets. Guo et al. [16] 

implemented a pre-processing grey model to analyze industrial 

energy conservation in China. The results point out that the 

ecological development path not only encourages economic 
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and industrial developments but also significantly reduces 

energy consumption. Liu et al. [17] applied Grey forecasting 

model to predict China’ Gross domestic product. The results 

showed that the future development trend of China’s GDP is 

reliable with China’s national conditions. Pao et al. [18] used 

Grey prediction model to forecast CO2 emissions, energy 

consumption and economic growth in China. The results 

showed that China should improve energy efficiency to reduce 

wastage of energy. Feng et al. [19] implemented grey model 

GM(1,1) to forecast the energy consumption of China. The 

results point out that the growth rate of clean energy is higher 

than coal energy in the period of 2007 to 2012. Hamzacebi 

and Es [20] employed Grey (1,1) model to predict electricity 

consumption of Turkey. The values of primary energy 

resources of Turkey have calculated for the future. Liu et al. 

[21] forecasted economic sectors and primary energy 

consumption in Spanish. The results showed that Spanish must 

improve in energy-efficiency economy to reduce energy 

consumption. Moonchai and Chutsagulprom [22] proposed a 

modified grey model to forecast renewable energy 

consumption, population, gross domestic product, CO2 

emissions and human development index in Thailand from 

1990 to 2015. Jia et al. [23] applied Grey Markov chain model 

to predict coal consumption in in Gansu from 2020 to 2035.  

The results indicated that the consumption of coal in Gansu 

will tend to increase in the next 15 years. Cheng et al. [24] 

improved Grey model GM (1, N) to predict Clean Energy 

Consumption in China during the period of 2019-2025.  The 

results pointed that China’s clean energy consumption will 

increase in the next few years.  Liu & Wu [25] proposed an 

adjacent non-homogeneous discrete grey model to forecast 

annual consumption of renewable energy in European 

countries. Xie et al [26] proposed a novel robust reweighted 

multivariate grey model to predict the CO2 emissions in 

European Union member countries during the period of 2010 

to 2016. Luo et al. [27] proposed an improved grey model to 

forecast the electricity production in Pakistan. The results 

revealed that Pakistani government needs to improve the 

installed capacity of electricity production. Hu et al.[28] 

proposed optimized Grey prediction model to predict  the 

carbon dioxide emissions of twenty countries.  Wang et al.[29] 

implemented  Grey model to predict the solar energy 

consumption in the United States during the periods of 2005 to 

2017.  Wang [30] predicted the consumption of clean energy 

in China by using Grey model. The results revealed that China 

should increase clean energy consumption.  Ding et al. [31] 

proposed a novel grey multivariable model to forecast CO2 

emissions from fuel consumption in China. The results pointed 

that the growth of CO2 emissions in China due to the high 

energy consumption. Lu [32] proposed modified grey 

forecasting model to predict renewable energy in Taiwan. The 

results demonstrated good reliability. Dengiz et al.[33] 

predicted carbon dioxide emissions of seven developed 

countries by applying Grey forecasting method. The results 

indicated that seven selected countries have to take action to 

reduce CO2 emissions.  Liu et al. [34] employed Grey system 

theory to predict China’ s GDP.  The results showed that the 

GDP growth rate of China continue remain steady. Şahin [35] 

applied optimized fractional nonlinear grey Bernoulli model to 

predict renewable energy consumption in France, Germany, 

Italy, Spain, and Turkey. After careful reviewing  the  

previous study, there has no study forecasting the CO2 

emissions, energy consumption and economic growth for 

Asian countries including China, India, Indonesia, Japan, 

Malaysia, South Korea, Taiwan and Thailand. Thus, this study 

employs Grey forecasting models to calculate the future 

values of CO2 emissions, energy consumption and economic 

growth for eights Asian countries in the period of 2019 to 

2023. 

II. METHODOLOGY 

This section describes three prediction models including 

GM(1,1) model, DGM(1,1) model and DGM(2,1) model. All 

models are explained as follows: 

A. The GM (1,1) model 

Grey GM (1,1) model is presented by Deng Julong [36], 

has been widely implemented in many project. GM (1,1) 

model is constructed as follows: 

Assume that the sequence 

 
Is an original data sequence, the sequence: 

 
Is the accumulated generations sequence of M

(0)
, where 

   (1) 

The sequence 

 

Is the main sequence of , where 

                                                                                       (2) 

The equation 

 
Is called the basic form of GM (1,1) model.  

The equation 

 is called the time response equation. 

B. The DGM (1,1) model 

Assume that 

 
Is a negative sequence and the 1-AGO sequence of M

(0)
 is 

 
Where 

 (3) 

 (4) 

Where  is the partition coefficient and  is the intercept 
coefficient. 
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If  is a parameter sequence and 

 
Then the least square estimate sequence of the parameters 

of grey differential Eq (3) satisfied 

 

Assume , let 

, then the recurerence formula of DGM 

model is 

(5) 

So, the response sequence of DGM model is 

 

  (6) 

In a word, the prediction equation of DGM (1,1) model is 

                (7) 

C. The DGM (2,1) 

Assume an original series to be  

 

A new sequence is generated by the accumulated 

generating operation (AGO) 

 
Where 

  (8) 

Setting up a second-order difference equation 

                  
Where 

 

         

 (11) 

According to (1), we have 

 
The prediction value of original sequence can be obtained 

by applying inverse AGO to . Namely 

 

III. EMPIRICAL STUDY 

A. Data 

This study uses annual data of eight Asian countries on 

carbon dioxide emissions (million tons), energy consumption 

(million tons) and GDP covering the period from 2014 to 

2018. The data on total energy consumption (million tons of 

oil equivalent) involves coal, gas, oil, electricity, heat, and 

biomass. The CO2 emissions are collecting from fuel 

combustion (coal, oil and gas). These two variables are 

collected from Enerdata Yearbook [37]. GDP (current US $) 

at purchase’s prices is calculated without making deductions 

for depreciation of fabricated assets or for depletion and 

degradation of natural resources. The data on GDP are 

obtained from the World bank [38] 

B. Predict and Analysis: 

This research applies the GM(1,1), DGM(1,1) and 

DGM(2,1) models to forecast the trend of carbon dioxide 

emissions, energy consumption and GDP in Asian countries in 

the periods of 2019 to 2023. The results of the three models 

are analyzed. According to result of the average relative error 

of predicted value, the paper select the model with the highest 

accuracy to predict the trend in carbon dioxide emissions, 

energy consumption and GDP in Asian countries from 2019 to 

2023. For evaluating the sample forecast capability, the 

forecasting accuracy is tested by calculating the mean absolute 

percentage error (MAPE) [39]. It is expressed as follow: 

 
Where Di and Fi are the predicting and actual values, 

respectively, and n is the total number of forecast. The MAPE 

result as the evaluation the accuracy of the predict, where less 

than 10% is a highly accurate forecast; 10%- 20% is a good 

forecast; 20%- 50% is a reasonable forecast; and more than 

50% is an weak forecast. To approve the effectiveness of the 

proposed grey predicting models. In this section, the authors 

construct the GM(1,1) model, DGM(1,1) model and 

DGM(2,1) model with the same dada sequence. Then, the 

study compares the simulative variables and the relative 

simulative errors of the three models. The study takes the real 

case of CO2 emissions in China as an example. 

For GM(1,1), according to the original data sequence: 

 
   = (9082, 9061, 9003, 9179, 9467) 

We can obtain the accumulating generated sequence 

= (9082, 

18143, 27146, 36325, 45792) 

And the neighbors mean generated sequence 
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         = (13612.5, 22644.5, 31735.5, 41058.5) 

We get the parameters 

α=-0.01530; b= 8760.2719 

For DGM(1,1), we can get the parameters 

β1= 101539; β2=8828.65992 

For DGM (2,1), we can get the parameters 

α=-0.75259; b= -6810.65602 

To compare the forecast accuracy of the above three 

predicting model, the mean absolute percentage error is 

implemented.  It can be seen from Table 1. Table 1 points out 

that the simulative values and the simulative errors of 

DGM(1,1) model are the best, follow is GM(1,1) and 

DGM(2,1). Thus, this study choose DGM(1,1) model to 

forecast the trend in CO2 emissions, energy consumption and 

GDP in eight Asian countries.  

 
Table 1: Predicted values and MAPE of CO2 emissions, total energy 

consumption and GDP in China (2014-2023). 

 
 

The predicted results of these three variables during 2014 

to 2023 are described. The CO2 emissions in the periods of 

2019 to 2023 in the selected countries are presented in figure 

1. 
 

 
Figure 1: The forecasted data of CO2 emissions in the eight Asian countries. 

 

Figure1 findings that carbon emissions in the China, India, 

Indonesia, Malaysia, South Korea, Taiwan and Thailand will 

gradually increase in the period of 2019- 2023 compare with 

the period of 2014- 2018. However, Japan’s CO2 emissions 

tend to decrease during 2019-2023. Based on the results of 

DGM(1,1) model, the average CO2 emissions of China, India, 

Indonesia, Japan, Malaysia, South Korea, Taiwan and 

Thailand are 9829, 2593, 587.14, 1074.53, 344.34, 799.01, 

302.24, 270.96 million tons respectively in the period of 2019- 

2023. 
 

 
Figure 2: The forecasted data of total energy consumption in the eight Asian 

countries. 

 

The total energy consumption value from 2014 to 2018 in 

eight Asian countries are used to predict the value from 2019 

to 2023 by DGM(1,1). The results are showed in Figure 2. The 

annual average growth rates will be at 2% (China), 3% (India), 

3% (Indonesia), 2%(South Korea), 1% (Taiwan), 2% 

(Thailand). Except for Japan with 1% decrease in 2023 

compared with 2014. This means that along with the rapid 

development of economy in India, Indonesia, China, South 

Korea and Thailand, the need for energy is growing 

continuously. 

 

 
Figure 3: The forecasted data of GDP in the eight Asian countries. 

 

Using the establish DGM(1,1) forecast model to predict 

GDP of eight Asian countries from 2019 to 2023. The model 

results show that GDP about US$19,387 for China, US$4,339 

for India, US$1,458 for Indonesia, US$ 5,983 for Japan, 

US$476 for Malaysia, US$ 2,132 for South Korea, US$732 

for Taiwan and US$749 for Thailand in 2023. 

IV. CONCLUSION 

The main aim of the study is to forecast CO2 emissions, 

energy consumption and GDP for eight Asian countries based 

on Grey prediction models. Using recent 5 year historical data, 

three Grey forecasting models are applied to predict future 
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results. The application of these models confirms that the 

DGM(1,1) model appear to perform better than GM(1,1) and 

DGM(2,1) model. Meanwhile, the DGM(1,1) model achieves 

the best results. It can be concluded that DGM(1,1) is suitable 

for making predicts about the CO2 emissions, total energy 

consumption and GDP for eight Asian countries. The results 

indicate that the CO2 emissions and total energy consumption 

of China, India, Indonesia, South Korea, Thailand and Taiwan 

will not decrease in a long period of time when income 

increase. However, in the case of Japan, where income was 

found to have a positive over the time when CO2 emissions 

and total energy consumption decrease. The government of 

China, India, Indonesia, South Korea, Thailand and Taiwan 

can follow conservative energy and carbon emissions 

reduction policy without affecting economic growth. 

REFERENCES 

[1] The International Energy Agency: https://www.iea.org/data-and-

statistics/?country=WORLD&fuel=CO2%20emissions&indicator=CO2

%20emissions%20by%20energy%20source. 
[2] Ozturk, I., & Acaravci, A. (2010). CO2 emissions, energy consumption 

and economic growth in Turkey. Renewable and Sustainable Energy 

Reviews, 14(9), 3220-3225 
[3] Lee, C. C., & Chang, C. P. (2008). Energy consumption and economic 

growth in Asian economies: a more comprehensive analysis using panel 

data. Resource and energy Economics, 30(1), 50-65 
[4] Pao, H. T., & Tsai, C. M. (2011). Modeling and forecasting the CO2 

emissions, energy consumption, and economic growth in 

Brazil. Energy, 36(5), 2450-2458 
[5] Magazzino, C. (2016). The relationship between CO2 emissions, energy 

consumption and economic growth in Italy. International Journal of 

Sustainable Energy, 35(9), 844-857. 
[6] Kais, S., & Ben Mbarek, M. (2017). Dynamic relationship between CO2 

emissions, energy consumption and economic growth in three North 

African countries. International Journal of Sustainable Energy, 36(9), 
840-854. 

[7] Wang, S. S., Zhou, D. Q., Zhou, P., & Wang, Q. W. (2011). CO2 

emissions, energy consumption and economic growth in China: A panel 
data analysis. Energy Policy, 39(9), 4870-4875 

[8] Saboori, B., & Sulaiman, J. (2013). CO2 emissions, energy consumption 

and economic growth in Association of Southeast Asian Nations 
(ASEAN) countries: A cointegration approach. Energy, 55, 813-822. 

[9] Mardani, A., Streimikiene, D., Nilashi, M., Arias Aranda, D., 

Loganathan, N., & Jusoh, A. (2018). Energy consumption, economic 
growth, and CO2 emissions in G20 countries: application of adaptive 

neuro-fuzzy inference system. Energies, 11(10), 2771. 

[10] Wu, L., Liu, S., Liu, D., Fang, Z., & Xu, H. (2015). Modelling and 
forecasting CO2 emissions in the BRICS (Brazil, Russia, India, China, 

and South Africa) countries using a novel multi-variable grey 

model. Energy, 79, 489-495. 
[11] Ardakani, S. R., Hossein, S. M., & Aslani, A. (2018). Statistical 

approaches to forecasting domestic energy consumption and assessing 

determinants: The case of Nordic countries. Strategic Planning for 
Energy and the Environment, 38(1), 26-71. 

[12] Hamzacebi, C., & Karakurt, I. (2015). Forecasting the energy-related 

CO2 emissions of turkey using a grey prediction model. Energy Sources, 
Part A: Recovery, Utilization, and Environmental Effects, 37(9), 1023-

1031. 
[13] Sadorsky, P. (2009). Renewable energy consumption, CO2 emissions 

and oil prices in the G7 countries. Energy Economics, 31(3), 456-462. 

[14] Ho, H. X. T. (2018, November). Forecasting of CO2 emissions, 
renewable energy consumption and economic growth in vietnam using 

grey models. In 2018 4th International Conference on Green 

Technology and Sustainable Development (GTSD) (pp. 452-455). IEEE 
[15] Ofosu-Adarkwa, J., Xie, N., & Javed, S. A. (2020). Forecasting CO2 

emissions of China's cement industry using a hybrid Verhulst-GM (1, N) 

model and emissions' technical conversion. Renewable and Sustainable 
Energy Reviews, 130, 109945. 

[16] Guo, H., Deng, S., Yang, J., Liu, J., & Nie, C. (2020). Analysis and 

prediction of industrial energy conservation in underdeveloped regions 

of China using a data pre-processing grey model. Energy Policy, 139, 
111244. 

[17] Liu, C., Xie, W., Lao, T., Yao, Y. T., & Zhang, J. (2020). Application of 

a novel grey forecasting model with time power term to predict China's 
GDP. Grey Systems: Theory and Application. 

[18] Pao, H. T., Fu, H. C., & Tseng, C. L. (2012). Forecasting of CO2 
emissions, energy consumption and economic growth in China using an 

improved grey model. Energy, 40(1), 400-409. 

[19] Feng, S. J., Ma, Y. D., Song, Z. L., & Ying, J. (2012). Forecasting the 
energy consumption of China by the grey prediction model. Energy 

Sources, Part B: Economics, Planning, and Policy, 7(4), 376-389. 

[20] Hamzaçebi, C., Es, H. A., & Çakmak, R. (2019). Forecasting of 
Turkey’s monthly electricity demand by seasonal artificial neural 

network. Neural Computing and Applications, 1-15. 

[21] Liu, X., Moreno, B., & García, A. S. (2016). A grey neural network and 

input-output combined forecasting model. Primary energy consumption 

forecasts in Spanish economic sectors. Energy, 115, 1042-1054. 

[22] Moonchai, S., & Chutsagulprom, N. (2020). Short-term forecasting of 
renewable energy consumption: Augmentation of a modified grey model 

with a Kalman filter. Applied Soft Computing, 87, 105994. 

[23] Jia, Z. Q., Zhou, Z. F., Zhang, H. J., Li, B., & Zhang, Y. X. (2020). 
Forecast of coal consumption in Gansu Province based on Grey-Markov 

chain model. Energy, 199, 117444. 

[24] Cheng, M., Li, J., Liu, Y., & Liu, B. (2020). Forecasting clean energy 
consumption in China by 2025: Using improved grey model GM (1, 

N). Sustainability, 12(2), 698. 

[25] Liu, L., & Wu, L. (2021). Forecasting the renewable energy 
consumption of the European countries by an adjacent non-

homogeneous grey model. Applied Mathematical Modelling, 89, 1932-

1948. 
[26] Xie, M., Yan, S., Wu, L., Liu, L., Bai, Y., Liu, L., & Tong, Y. (2021). A 

novel robust reweighted multivariate grey model for forecasting the 

greenhouse gas emissions. Journal of Cleaner Production, 126001. 

[27] Luo, D., Ambreen, M., Latif, A., & Wang, X. (2020). Forecasting 

Pakistan's electricity based on improved discrete grey polynomial 

model. Grey Systems: Theory and Application 
[28] Hu, Y. C., Jiang, P., Tsai, J. F., & Yu, C. Y. (2021). An Optimized 

Fractional Grey Prediction Model for Carbon Dioxide Emissions 

Forecasting. International Journal of Environmental Research and Public 
Health, 18(2), 587. 

[29] Wang, Z. X., Wang, Z. W., & Li, Q. (2020). Forecasting the industrial 

solar energy consumption using a novel seasonal GM (1, 1) model with 
dynamic seasonal adjustment factors. Energy, 200, 117460. 

[30] Wang, Z. X. (2015). A predictive analysis of clean energy consumption, 

economic growth and environmental regulation in China using an 
optimized grey dynamic model. Computational Economics, 46(3), 437-

453. 

[31] Ding, S., Dang, Y. G., Li, X. M., Wang, J. J., & Zhao, K. (2017). 
Forecasting Chinese CO2 emissions from fuel combustion using a novel 

grey multivariable model. Journal of Cleaner Production, 162, 1527-

1538. 
[32] Lu, S. L. (2019). Integrating heuristic time series with modified grey 

forecasting for renewable energy in Taiwan. Renewable Energy, 133, 

1436-1444. 
[33] Dengiz, A. Ö., Atalay, K. D., & Dengiz, O. (2018, August). Grey 

forecasting model for CO 2 emissions of developed countries. In The 

International Symposium for Production Research (pp. 604-611). 
Springer, Cham. 

[34] Liu, C., Xie, W., Lao, T., Yao, Y. T., & Zhang, J. (2020). Application of 
a novel grey forecasting model with time power term to predict China's 

GDP. Grey Systems: Theory and Application. 

[35] Şahin, U. (2021). Future of renewable energy consumption in France, 
Germany, Italy, Spain, Turkey and UK by 2030 using optimized 

fractional nonlinear grey Bernoulli model. Sustainable production and 

consumption, 25, 1-14. 
[36] Deng.J.L (1982). Control problems of grey systems. Sys. & Contr. Lett., 

1(5), 288-294. 

[37] Enerdata Yearbook: https://yearbook.enerdata.net/ 

[38] World bank : https://data.worldbank.org/ 

[39] J. McKenzie.(2011). Mean absolute percentage error and bias in 

economic forecasting. Econ. Lett.,vol. 113, no. 3, pp. 259–262, 2011. 

https://www.iea.org/data-and-statistics/?country=WORLD&fuel=CO2%20emissions&indicator=CO2%20emissions%20by%20energy%20source
https://www.iea.org/data-and-statistics/?country=WORLD&fuel=CO2%20emissions&indicator=CO2%20emissions%20by%20energy%20source
https://www.iea.org/data-and-statistics/?country=WORLD&fuel=CO2%20emissions&indicator=CO2%20emissions%20by%20energy%20source

