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Abstract. Carbon dioxide is one of the most notorious greenhouse gases, which has been largely 
emitted especially in recent years. Therefore, it is crucial to predict the emission trends in order to 
propose corresponding measures to reduce it. Thanks to the invention and development of machine 
learning schemes, it is feasible to predict the trends accurately. With this in mind, this study explores 
the crucial task of predicting carbon dioxide (CO2) emissions based on past data. Leading authorities 
and organizations have relied on predictive models to anticipate future emission levels. As the 
implementation of models and algorithms becomes increasingly common, this project seeks to 
explore different approaches to this topic and summarizes their common discoveries, as well as 
discussions on possible variations. According to the analysis, the pros and cons of the different 
models are clarified. Overall, these results shed light on guiding further exploration of carbon dioxide 
(CO2) emissions predictions. 
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1. Introduction 

Energy transformation is an inevitable trend in the development of human society today. It is in 

the common interest of the mankind to accelerate the development of energy production and 

consumption from fossil energy to clean and low carbon. The construction of global energy Internet 

advocated by China has provided practical new ideas for people to promot the world's energy 

transformation and address climate change. Reducing carbon dioxide emissions and controlling 

global warming are important goals and driving forces for energy transition. Accurately predicting 

the process and development trend of global carbon emissions such as the construction plan of global 

energy Internet plays an important role in rationally formulating the strategic measures of energy 

transformation. Carbon dioxide is believed to be one of the most important among all greenhouse 

gases (EPA) [1]. 

It is widely known that the concept of "carbon" is very broad. Most of the objects around us, such 

as wood, plastic, rubber, fuel oil, coal, natural gas, diamonds, etc., are composed of carbon substances. 

Besides, all the living things on earth, including humans, are carbon-based. It can be said that we live 

in a world made of carbon, and carbon elements are everywhere in our lives. Carbon dioxide 

emissions refer to all kinds of greenhouse gas emissions, while "carbon neutrality" means to reduce 

the greenhouse gas emissions in the social development to 0 through various means so as to achieve 

"carbon emissions <carbon absorption". Carbon dioxide emissions is a general term or short term for 

greenhouse gas emission. The sources of carbon emissions are divided into three categories: carbon 

dioxide released from energy (combustion), carbon dioxide released from other industrial production 

(non-combustion, such as carbon dioxide released from calcium carbonate in lime production), and 

carbon dioxide released from agriculture and other activities. 

Generated directly from human activities, carbon emissions make the greatest influence on the 

climate (EPA)[1]. In view of its ever-increasing negative impacts, it has become a heated topic to 

predict the future emission levels based on the past data. This practice has been adopted by many 

leading authorities and organisations, including the United Nations Framework Convention on 

Climate Change (UNFCCC)[2] and European Environment Agency (EEA) (UNFCCC) [2].  
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These models range from non-mitigation scenarios to idealised long-term scenarios. As many 

projects resort to construction of models and algorithms to complete predictions, the study aims to 

investigate the differences and similarities among the existing approaches and summarises the 

findings. 

2. Data 

Predicting carbon dioxide (CO2) emissions involves a combination of historical data analysis, 

modelling, and scenario planning. Predictions often start with an analysis of historical CO2 emissions 

data [3]. Some typical data are shown in Fig .1. Traditionally, this data includes records of emissions 

from various sources such as energy production, transportation, industry, and land-use changes, for a 

considerable length of time [4]. 

 

Fig. 1 Carbon emssion data during 1960-2018. 

 

Fig. 2 Carbon emssion prediction to 2200. 

Examining trends over time provides insights into past emissions patterns and helps establish 

models that cater to physical mechanisms, such as dynamic scenario simulation models [5]. In 

approaches of this kind, experts consider factors of human activities regarding their influences on 

energy consumption patterns and hence CO2 emissions:  

Demographic economics, including economic growth, population growth, and urbanisation rates 

in their predictions, as these factors directly influence the scope of energy consumption and hence 

CO2 emissions.  
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Energy consumption trends: Predictions incorporate trends in energy consumption, including 

shifts from fossil fuels (coal, oil, natural gas) to cleaner energy sources like renewables (solar, wind, 

hydro) and nuclear power [6]. As technology evolves and energy efficiency improves, these trends 

can significantly affect emissions. 

Technological advancements: Predictions consider the development and adoption of clean energy 

technologies, such as electric vehicles, carbon capture and storage (CCS), and energy-efficient 

appliances. Technological advancements can accelerate emissions reductions. 

Climate Goals and Agreements: International climate agreements, like the Paris Agreement, set 

targets for reducing CO2 emissions. Countries' commitments to these agreements influence 

predictions, as they indicate their intent to reduce emissions over time. 

Predictions often rely on carbon intensity data, which quantifies CO2 emissions per unit of 

economic activity or energy consumption. Energy sources of different forms are also converted to 

carbon emissions equivalent [7]. Some typical prediction results are given in Fig. 2 and Fig. 3. 

 

Fig. 3 Carbon emssion data prediction under differet conditions. 

3. Modelling and Comaprison 

There are three main directions of modelling for existing literatures: machine learning models, 

statistical models as well as stimulation models [3]. Despite difference in mechanisms, machine 

learning and statistical models mainly achieve the establishment of relationship between factors 

through regressions based on previous data, be it linear or not [8]. One of the greatest differences lies 

in the pre-processing of the data. For instance, in autoregressive integrated moving average (ARIMA) 

models, lagged moving averages are implemented to smooth out the fluctuations [9].  

The Atmosphere-Ocean General Circulation Model (AOGCM) has been another heated choice in 

this field, as one of the stimulation models [3]. This approach seeks to approximate the climate 

through a process focusing on the physical mechanisms behind different factors (Global Modelling) 

[10]. The implementation of such model would be more accurate in terms of the physics of climate 

but also more resources-consuming due to high computational complexity; it would also have limited 

accuracy on the human-nature interactions (ipcc) [11].  

Most models would agree to each other for the period at the beginning of the 21 century, the 

fluctuation of prediction of the temperature rise does not exceed 0.05 degree celsius [3]. However, 

the divergence starts to grow greater as time factor proceeds. Since the mid-century, the influence of 

past emission levels on the climate has declined and that of concurrent human responses has increased 

[3]. The choosing of different levels of human activities would impact the global climate significantly. 

When it comes to the end of this century, the difference would grow to more than 80% [3].  
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For instance, “business as usual,” “promises kept,” and “sustainable pathways” represent 

contrasting approaches or scenarios in various contexts, including environmental sustainability, 

economic development, and resource management. As the name implies, “business as usual” models 

the path assuming no further regulation is put in place to facilitate climate preservation; “promises 

kept” assumes all current political promises are enforced; “sustainable pathways” represents the best 

solution available to humanity.  

In the context of environmental sustainability, “business as usual” (BAU) typically results in the 

continuation of high resource consumption, pollution, and greenhouse gas emissions, contributing to 

environmental degradation and climate change. In the meanwhile, sustainable pathways emphasise 

reduced resource consumption, transitioning to cleaner energy sources, and implementing 

conservation and restoration measures to protect ecosystems. Sustainable pathways often involve 

strategies to mitigate climate change, such as reducing greenhouse gas emissions, increasing energy 

efficiency, and promoting renewable energy sources. It aims to build systems that are adaptable and 

resilient to changes, including those related to climate, resource availability, and social dynamics, 

achieving of which often requires innovation and change in technology, business models, and policies. 

It acknowledges that transformative shifts may be necessary.  

At the same time, uncertainties prevail regardless of the models implemented. For instance, a 

"Post-epidemic consumption peaks" is suspected to exist, which refers to a significant surge in 

consumption and production after the end of an epidemic or pandemic [3, 4]. This may lead to a 

subsequent rise in carbon emissions that defers the previous trends in data, or in other words, that 

represents a change-point in the data, rendering previous models less accurate [3]. To combat the 

above-mentioned problem in accuracy, scholars resort to the use of grey systems, a system 

characterised by limited or incomplete information and associated uncertainties [12, 13]. It allows the 

system to assess the relevance of information and hence improve the prediction results [14-16]. 

4. Conclusion 

To sum up, this study focuses on predicting carbon dioxide (CO2) emissions and climate changes 

based on past data using various algorithms and models. Carbon dioxide is a critical greenhouse gas 

generated from human activities and has a significant impact on climate change. The study 

investigates existing approaches and summarises the findings. The methodology involves historical 

data analysis, modelling, and scenario planning. Data analysis includes examining emissions from 

energy production, transportation, industry, and land-use changes over time. Factors like economic 

growth, energy consumption trends, technological advancements, and international climate 

agreements are considered in predictions. Carbon intensity data is also used to quantify emissions per 

unit of economic activity or energy consumption. Modelling approaches include machine learning, 

statistical models, and simulation models like the Atmosphere-Ocean General Circulation Model 

(AOGCM). Machine learning and statistical models establish relationships between factors through 

regressions, while AOGCM spend extra focus on physical mechanisms. AOGCM is more accurate in 

terms of physics but less so when it comes to human influences, and is more computationally intensive. 

The uncertainty of prediction increases overtime, and special events would also hinder the accuracy 

of models. Grey models are implemented to mitigate this problem. In the end, the past carbon 

emissions would have decreasing influence as the time horizon expands, while the decisions on 

regulation would continue to play an increasingly important role. 
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