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Abstract. Global warming is a severe environmental problem which caused by human activities 

such as damage to the environmental an overuse of resources. In order to control the global 

warming under 2°C, net zero, especially net zero CO2 has been a goal that must be pursued. The 

net zero is a goal that all the countries can reduce the emission of greenhouse gases to zero. This 

article uses FaIR climate model to study the effect of different greenhouse gases on temperature 

anomaly so that to find the main contributor. The effect of net zero CO2 also be estimated. The 

model concluded that carbon dioxide from burning fossil fuels is the most important contributor 

to global warming, and zero emissions of CO2 would greatly help mitigate it. In addition, global 

warming is an inevitable trend, so while reducing CO2 emissions to mitigate the global warming, 

adaptation to the long-term global warming can also be combined with mitigation. 
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1.  Introduction 

Global warming has been a huge climate problem around the world. Intergovernmental Panel on Climate 

Change (IPCC) uses CMIP model to simulate the temperature anomalies and it shows that the world has 

a long-term warming tendency due to higher climate sensitivity and stronger radiative forcing. 

Global warming is the result of human actions [1]. Human activities, particularly the burning of coal 

and oil, warms the planet by dramatically increasing the concentration of heat-trapping gases in the 

atmosphere. The more of these gasses’ humans pump into the atmosphere, the warmer the planet will 

become in the coming decades and centuries [8]. Along with human activities, global warming is 

changing people’s way of life, bringing more and more problems. IPCC points that although without the 

natural greenhouse effect, the average temperature of the earth’s surface would fall below freezing and 

human life would not exist. But human activities such as burning fossil fuels and deforestation greatly 

amplify the natural greenhouse effect, which causes global warming. IPCC also points that in the past 

century, cars, airplanes, power plants and factories burned a large amount of coal and oil, emitting a 

large amount of CO2, enhancing the greenhouse effect, and leading to the increasing temperature 

anomaly. The burning of fossil fuels releases carbon dioxide, which is an extremely long-lived 

greenhouse gas [4] that can remain in the air for hundreds of years or more, this can also make the global 

warming a long threat. 

To control the trend of global warming, Paris Agreement in 2016 decided to set a global warming 

target. The Paris Agreement, signed by 178 parties around the world, is a unified plan for post-2020 
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global action on climate change. The Long-term goal of the Paris Agreement is to limit the rise in average 

global temperatures to less than 2°C above pre-industrial times and to try to limit the rise to 1.5°C.  

Net zero is what most countries are trying to achieve. Net zero means greenhouse gas emissions are 

close to zero, and most countries, such as the United States, China, have decided to meet that target by 

2050.  

This paper mainly explores the impact of various emission parameters on global warming 

respectively, and discusses whether and how net zero, especially net zero CO2, is effective on global 

warming. 

In this paper, a simple climate model FaIR used in IPCC is used to simulate temperature anomaly 

when different emission parameters are set to 0, and to discuss whether global warming can be mitigated 

when carbon dioxide emissions are 0 which can also be called net zero CO2. In addition, this paper also 

explores the relationship between mitigation and adaptation. Finally, some limitations of this model and 

experimental setting are discussed.  

2.  Methods 

2.1.  An introduction of FaIR 

The Finite-amplitude Impulse Response (FaIR) model is a simple climate model which calculates main 

three datasets: temperature, radiative forcing, and greenhouse gases. It can provide temperature 

projections in the future years [5]. FaIR converts greenhouse gas emissions and short-term climate 

forcing into effective radiative forcing by accumulating carbon absorption and rising temperatures to 

get a carbon cycle [6], and then presents them to temperature anomalies (Shindell and Smith, 2019). 

FaIR can use data from 1880 to 2016 to do a range of temperature projections under different scenarios 

[5]. It can calculate not only greenhouse gases but also short-lived climate forcers such as aerosols and 

black carbon on snow, in addition, the model can also calculate minor GHGs [5]. FaIR can make several 

predictions about future temperature changes, which can be used to study the effects of different 

emissions and their contribution to climate warming [3].  

This paper uses FaIR model under Shared Socio-economic Pathways (SSP) to do temperature 

projections after reaching the goal of net zero CO2 at 2050. IPCC AR6 mainly introduces four SSP 

scenarios: SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5. In the SSP label, the first number 

represents the hypothetical shared socio-economic path and the second number represents the 

approximate global effective radiative forcing (ERF) by 2100. As emissions are set for 2050, SSP2-4.5 

is selected in this article, because SSP2 has the characteristics of the current environment, and the 

ecological economic market has not changed significantly. 

2.2.  Comparisons of different emission parameters 

The first step for the study is to compare different emission parameters in the model. Different emission 

parameters (Table.1) are set to zero to estimate the temperature anomalies and compared with the 

original temperature projection from SSP2-4.5. By comparing temperature anomalies, it is possible to 

determine which emission parameters contribute most to global warming. There are 39 different 

greenhouse gases and short-lived climate forcers in the model, here this study only focuses on 5 main 

parts of greenhouse gases: CO2, Methane, Nitrous oxide, and Sulphate. 

Table 1. Different emission parameters in FaIR 

Column in FaIR Emissions Effects 

1 CO2: fossil fuel CO2 forcing 

2 CO2: land use change CO2 forcing, land use forcing 

3 CH4 Methane 

4 N2O Nitrous oxide 

5 Sulphate Sulphate 
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2.3.  Set FaIR for net zero CO2 

The goal of net zero CO2 is to reach the zero emissions of CO2 in 2050. In this model, the emissions of 

CO2 from burning of fossil fuel and land use are both set to 0, so that the temperature prediction after 

net zero emission can be obtained. Since emissions are set to zero after 2050, equivalent to an abrupt 

halt, committed warming can be applied to look at the warming effects of different emissions. 

Committed warming describes the effect of historical emissions on future warming, usually by how 

much warmer they would be if emissions are suddenly stopped [6]. Temperature projection for zero 

emission of CO2 is compared with the temperature projection in 2050 to get the committed warming. 

The committed warming can illustrate the effects of net zero CO2 on global warming in the future. 

3.  Results and discussions 

3.1.  Effects of different emissions on temperature 

By setting different emission parameters to 0, the effects of different emissions on temperature can be 

obtained. In Figure.1(a), compared to the temperature anomaly projections from SSP2-4.5, the CO2 

emission from fossil fuel has the greatest impact on the temperature among those emissions. The 

temperature anomaly increases to 2°C at 2050, zero emission of CO2 from fossil fuel after 2050 can 

reduce the temperature anomaly apparently and at 2500, the temperature anomaly decreases to around 

1.8°C. The emission of Methane has more impact on temperature than Nitrous oxide before about 2275 

and both increases the temperature anomaly. After 2275, the effects on temperature of the two emissions 

become stable and the temperature anomaly remains 2.6°C, but the temperature anomaly is still lower 

than the projection from SSP2-4.5. For the emission of land use and Sulphate, they both have the similar 

tendency with SSP2-4.5. 

The temperature difference compared to the projection from SSP2-4.5 is shown in Figure.1(b). The 

zero emission of CO2 from fossil fuels has the largest temperature difference after 2050. Compared to 

the temperature projection from SSP2-4.5, the zero emissions of fossil fuel would reduce the post-2050 

climate anomaly by about 1°C when it comes to 2200, and then the decrease tendency becomes stable 

and when it comes to 2500, the temperature anomaly can reduce 1.2°C. The zero emissions of Methane 

have the similar decreased tendency with fossil fuel before about 2065. After 2065, the effect of zero 

emissions from Methane on the reduction of temperature anomaly becomes smaller, and the temperature 

anomalies gradually increase again after decreasing by 0.4°C at about 2100, and then remain stable at 

about 2260. After 2260, zero emissions of Methane remains stable and the reduction of temperature 

anomalies remains 0.3°C. The zero emission of Nitrous oxide leads to a decline in temperature 

anomalies, which could be reduced by about 0.38° C at 2500. For the emission of land use and Sulphate, 

they both lead to a small increase in temperature anomalies after setting to zero at 2050 and begin to 

stabilize by about 2210. After 2210, the increase of the temperature anomaly for the two zero emission 

parameters remains by around 0.15°C.  

It is evident in Figure.1 that the emission of burning fossil fuel has the biggest impact on global 

temperature while the emissions of land use and Sulphate has the least impact. Net zero CO2 is to make 

the CO2 emissions to 0 so that the temperature anomaly can be controlled. Fig.1 shows that net zero CO2 

is a useful method for controlling the global warming because CO2 is a main factor in global warming 

[1]. Al-Ghussain (2018) [1] mentioned that although Methane and Nitrous oxide are more capable of 

absorbing radiation, they do not contribute significantly like CO2 to global warming because there is 

lower concentration in the atmosphere than CO2 [1]. This is also consistent with the trend shown in the 

Fig.1. Net zero requires greenhouse gas emissions to be close to zero, so the best thing to get there is to 

reduce CO2 to net zero. 
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Figure 1. The temperature anomaly projection with different zero-emission parameters after 2050.  

Brown line is the temperature anomaly projection from SSP2-4.5, the purple line is the temperature 

projection by setting Sulphate emission to 0, the red line is the temperature projection by setting the 

Nitrous oxide emission to 0, green line is the temperature projection by setting the Methane emission to 

0, the orange line is the temperature projection by setting the CO2 emission from land use to 0 and the 

blue line is the temperature projection by setting the CO2 emission from fossil fuel to 0. Fig.1(a) The 

temperature anomaly projection from SSP2-4.5 and zero emissions of different emission parameters 

from 2050. Fig.1(b) The temperature anomaly difference compared to the projection from SSP2-4.5. 

3.2.  The effect of net zero CO2 (zero CO2 emissions) on temperature 

The CO2 emissions from burning fossil fuel have the greatest impact on global temperature (Figure.1). 

Net zero CO2 is to reduce the CO2 emission to 0, so after reaching the goal of zero CO2 emissions in 

2050, the tendency of temperature anomaly has an evident transition, and the temperature anomaly is 

much smaller than that from SSP2-4.5 (Figure.2(a)). The temperature anomaly increases to 2°C around 

2050, when it comes to 2500, the temperature anomaly reduced about 0.2°C (Figure.2(b)).  

Compared to the temperature in 2050, the decreased tendency has three parts. At the beginning (A in 

Figure.2(b)), the temperature anomaly will still increase slightly. The temperature anomaly will increase 

about 0.0.025°C at 2060. Smith (2016) discusses that Because the model uses climate sensitivity that is 

constant over time. Patterns of surface warming change over time, and since the Eastern and South 

Pacific oceans have not yet experienced intense warming, climate sensitivity in historical periods may 

be lower than that in the future, as a result, there may be a slight increase at the beginning. Until around 

2300, the temperature anomaly will have a fluctuate decrease (B in Figure.2(b)). After 2300, the 

decreasing tendency becomes stable, and it shows a linear decrease trend. Compared to 2050, the 

temperature anomaly decreases 0.2°C at 2500 (C in Figure.2(b)).   

As is shown in Fig.2, net zero CO2 is effective in controlling global warming. The zero emission of 

CO2 can reduce the temperature anomaly gradually and the global temperature anomaly can be 

controlled under 2°C. Although the temperature anomaly can be reduced due to the zero emissions of 

CO2, the temperature is still higher than that before Industrial Revolution. The global warming is an 

inevitable tendency that human has to face in a long-term. Global warming can be mitigated through 

energy conservation and reduction of emission, but the temperature will still be higher than the original, 

so continuous adaptation should be made while mitigation. 
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Figure 2. The effect of net zero CO2 (the CO2 emissions reduce to 0) on temperature anomaly.  

The blue line is the temperature projection from SSP2-4.5, the orange line is the temperature 

projection which sets the CO2 emissions to 0 after 2050. Fig.2(a) The temperature projection from SSP2-

4.5 and net zero CO2 from 2050. Fig.2(b) The committed warming compared to the projection from 

SSP2-4.5. 

3.3.  Mitigation and adaptation of global warming 

Despite the mitigation of global warming, the adaptation to global warming also can be taken in account. 

Al-Ghussain (2018) [1] shows three strategies: no action, mitigation, and adaptation. No action means 

no actions are taken to face the environmental problems. It is obviously wrong not to take measures 

against the serious environmental and ecological problems and this can lead to extinction and damage 

to the ecosystem and that is not suitable for the current environmental and social condition. Mitigation 

means to reduce anthropogenic heat flux and greenhouse gases so that to reduce the temperature anomaly. 

The reduction of temperature anomaly can help control the global warming and make the environmental 

more suitable for human to survive. Furthermore, adaptation is to make humans be used to the impact 

of long-term global warming. Many environmental problems cannot be solved totally, human still needs 

to face the impact of those environmental problems. Adaptation is the way for humans to improve 

technologies and knowledge to adapt to the long-term impact of environmental problem [1]. Figure.3 

shows that the cost requirement of depending on only one strategy is the most, while the optimal cost 

can be achieved by combining mitigation and adaptation [1].  

Focusing on either mitigation or adaptation is not suitable for the goal of sustainability and what is 

needed is a balanced and optimal mix of mitigation and adaptation [8]. 
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Figure 3. The relationship between the cost of the three strategies (adaptation, mitigation, and no action) 

towards global warming (reprint from Figure.9 in Al-Ghussain, L., 2018[1]) 

3.4.  Strengths and limitations of net zero CO2 

Net zero CO2 is a good method to protect the environment and control the global warming. 

Sokolov (2017) [7] estimates that because of the earth’s carbon cycle, marine and terrestrial 

ecosystems help offset some of the carbon emissions, if technologies continue to be improved to reduce 

CO2 emissions, global warming can be kept below 2°C after 2050 without even having to reach 0 

emissions, as a result, net zero CO2 is now a policy that must be implemented.  

Although net zero is a helpful way to control global warming, it still has a long way to reach the goal 

of net zero. Net zero CO2 requires net emissions of CO2 from human activities to be close to zero, but 

emissions from many energy services, such as aviation, long-distance transport, the production of steel 

and cement, are difficult to eliminate completely. The timing of achieving the goal of limiting global 

temperature anomalies to 2°C depends on the cost of technology to achieve low or net zero CO2 [7]. 

More advanced equipment and technology will be needed to upgrade and decarbonize these services, 

which may take more time [2]. Although the goal of reach net zero CO2 is set at 2050 for many countries, 

it may cost more time for countries to update technologies and decarbonization. 

3.5.  Limitations and uncertainties of the temperature projections 

The setting of FaIR for net zero CO2 in this study is to set the CO2 emissions (fossil fuel and land use) 

to 0 after reaching net-zero at 2050, but the emission change before 2050 have not been considered. Due 

to the mitigation, the emission of CO2 should decrease before 2050, but the pattern of the decreased 

tendency has not been estimated. The sudden zero emissions after 2050 can be an uncertainty.  

In addition, water vapor is mainly responsible for global warming [1]. This model does not have an 

emission parameter about water vapor. The goal of net zero also needs to consider the impacts of whole 

greenhouse gases. Therefore, the impact of water vapor on global warming can be considered in further 

study with more model. 

4.  Conclusion 

Global warming is one of the most important environmental problems. This paper shows that net zero 

CO2 is a good method to control global warming because CO2 emission is the main factor for global 

warming. Despite reducing anthropogenic greenhouse gases to control global warming, adaptation to 

global warming can also be considered because the combination of mitigation and adaptation can reach 

the optimal result. In this paper, the model is set up to directly consider zero emissions after reaching 

the goal of net zero CO2 by 2050. Because countries may need more time to upgrade and decarbonize, 
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the 2050 target may not be met. Furthermore, the pattern of emissions reductions before 2050 has not 

been explored. Further work needs to consider the time to reach the goal of net zero and the decreased 

tendency before reach the goal to bring the research closer to reality. 
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