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Abstract. Global warming is the most serious environmental problem due to rising temperatures. 
Previous studies showed CO2 is the primary greenhouse gas. CO2 emission is caused by the burning 
of fossil fuels. Humans pursue industrial growth at the expense of releasing CO2 into the atmosphere. 
Economic development is represented by Gross Domestic Product (GDP). The growth of CO2 
emission increases more and more and does not reach the peak. The global temperature is facing 
a 2˚C crisis. The global emissions and global economy have a strong indication of relative sensitivity. 
We found out that countries with higher GDP emit more CO2. Individuals who have higher GDP per 
capita emit more CO2 to the atmosphere. GDP has a positive correlation with global temperature. 
Climate change is one of the biggest inequalities around the world. Richer countries caused more 
damage to global warming, but poor countries suffer more from global warming’s damage. GDP per 
capita has a positive correlation with temperature and CO2 emissions. The development of a country 
has a trend of increasing CO2 emissions at an early stage and decreasing CO2 emissions at a later 
stage. Total GDP although cannot positively correlated to CO2 emissions, but multicollinearity tests 
proved the two variables are related. 

Keywords: CO2, Global economy, Linear regression analysis. 

1. Introduction 

Because of the release of greenhouse gases (GHG) emissions, the Earth has been experiencing an 

inevitable change. Undeniably, our Earth is warming up at an unprecedented rate over millennia. 

Among all GHG releases, CO2 has always been the main contributor. In a study in 2017, CO2 takes up 

to 3/4 of GHG [1]. Thus, CO2 emissions have always been the focus of climate change study. A study 

from government, or IPCC, illustrated CO2 emissions caused by human activities are the direct cause 

of rising temperature (https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-

agreement, n.d.). A large number of human activities are fossil fuel burning and industry pollution. 

The survival of human beings cannot leave fossil fuel. Although the nature of Earth has its own 

temperature cycle, human beings now are positioning in a temperature-retreat period. Noticeable, 

rising temperature is causing significant and inevitable effects on the ecosystem if the temperature 

surpasses 2C. More extreme weather and more frequent natural disasters around the world have 

alarmed more people to realize the global warming crisis. The more we know about the distribution of 

global warming, the easier we find the solutions and responsibilities among different countries. In this 

paper, we investigated the statistical correlation between the global economy and global temperature. 

Thoma and Timothy proved evidence of the rising temperature globally since the mid-19 century 

using six annual global temperature series [1]. They used strong serial correlation to mimic the trend 

in certain periods of time. They applied a serial-correlation–robust trend test to control the possibility 

of spurious evidence. They finally confirmed a rise of 0.5°C in the last 100 years. Global warming has 

caused global economic inequality. Cooler and wealthier countries realized a rising economy, while 

warmer and poorer countries got a decreased economy [2]. It is a global inequality. The possibility of 

this rule may reach 90%. Global warming has caused global economic inequality. Cooler and wealthier 
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countries realized a rising economy, while warmer and poorer countries got a decreased economy. It 

is a global inequality. The possibility of this rule may reach 90%. This article used R programming 

including local weighted regression. Choiniere and Horowitz analyzed the relationship between 

worldly GDP and temperature [3]. They proved the correlation is strong and significant. This article 

used Cobb-Douglas production function to conclude that temperature in fact lowers the physical and 

human capital. 

Marjanovic et al. proved a long-term high significance between GDP and CO2. Non-linear 

relationship among CO2 per capita, CO2 emission per capita, energy consumption per capita, and GDP 

per capita [4]. They used an Extreme Learning Machine to predict the CO2 emissions based on GDP. 

Conventional statistical error indicators forecast accuracy results. Skripnuk and Samylovskaya 

mentioned that with more energy consumption consumed, more CO2 consumption will be produced, 

and global warming will be stronger [5]. They used an autoregressive distributed lags (ADL) model 

and Ljung-Box Q-test. Ping-Yu et al. found that energy consumption negatively influences GDP in 

the world as a whole and developing countries, but not in developed countries [6]. And there is a 

unidirectional causality from energy consumption to carbon dioxide emissions both in developing and 

developed countries. They used a panel cointegration and vector error-correction model. Matthew et 

al. studied the long-term impact of climate change on economic activity across countries [7]. They 

found that per-capita real output growth is negatively affected by persistent changes in the temperature 

above or below its historical norm. They used a stochastic growth model and counterfactual analysis. 

A positive relationship between carbon dioxide emissions, the most important greenhouse gas (GHG) 

implicated in global warming, and GDP is shown, examining per capita income and CO2 emissions of 

137 countries across 21 years [8]. It also appears that as per capita incomes accelerate across countries 

emissions increases, for the most part, tend to decelerate. It could be that higher income levels lead to 

increased demand for environmental protection. Only emissions reduction proposals that assure 

incomes will not be adversely affected, particularly those of less developed countries (LDCs), will 

have any possibility of successful implementation. Econometric models of temperature impacts on 

GDP are increasingly used to inform global warming damage assessments [9]. But theory does not 

prescribe estimable forms of this relationship. By estimating 800 plausible specifications of the 

temperature-GDP relationship, we demonstrate that a wide variety of models are statistically 

indistinguishable in their out-of-sample performance, including models that exclude any temperature 

effect. This full set of models, however, implies a wide range of climate change impacts by 2100, 

yielding considerable model uncertainty. The uncertainty is greatest for models that specify effects of 

temperature on GDP growth that accumulate over time; the 95% confidence interval that accounts for 

both sampling and model uncertainty across the best-performing models ranges from 84% GDP losses 

to 359% gains. Models of GDP level effects yield a much narrower distribution of GDP impacts 

centered around 1–3% losses, consistent with damage functions of major integrated assessment models. 

Further, models that incorporate lagged temperature effects are indicative of impacts on GDP levels 

rather than GDP growth. We identify statistically significant marginal effects of temperature on poor 

country GDP and agricultural production, but not rich country GDP, non-agricultural production, or 

GDP growth. 

Computable general equilibrium (CGE) models are a standard tool for policy analysis and forecasts 

of economic growth [10]. Unfortunately, due to computational constraints, many CGE models are 

dimensionally small, aggregating countries into an often-limited set of regions or using assumptions 

such as static price-level expectations, where next period's price is conditional only on current or past 

prices. This is a concern for climate change modeling, since the effects of global warming by country, 

in a fully disaggregated and global trade model, are needed, and the known future effects of global 

warming should be included in forward-looking forecasts for prices and profitability. This work 

extends a large dimensional intertemporal CGE trade model to account for the various effects of global 

warming (e.g., loss in agricultural productivity, sea level rise, and health effects) on Gross Domestic 

Product (GDP) growth and levels for 139 countries, by decade and over the long term, where producers 

look forward and adjust price expectations and capital stocks to account for future climate effects. The 
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potential economic gains from complying with the Paris Accord are also estimated, showing that even 

with a limited set of possible damages from global warming, these gains are substantial. For example, 

with the comparative case of Representative Concentration Pathway 8.5 (4°C), the global gains from 

complying with the 2°C target (Representative Concentration Pathway 4.5) are approximately 

US$17,489 billion per year in the long run (year 2100). The relative damages from not complying to 

Sub-Saharan Africa, India, and Southeast Asia, across all temperature ranges, are especially severe. 

2. Methods 

The work with the data consisted of two stages: a) data collection for selected variables; b) primary 

processing of predicted variables in accordance with the requirements of the model. The source of 

datasets is shown in the Appendix. 

Table 1. Research Variable 

 Full name Description 

Global GDP gross domestic product 
describe the economy of a country measured in 

adjusted U.S. dollar 

Global GDP per 

capita 

gross domestic product per 

capita 

describe individual behaviors measured in adjusted 

U.S. dollar 

Temperature annual temperature 

the positive/negative annual temperatures are 

compared with 

1961-1990 average temperature measured in ˚C 

CO2 emission carbon dioxide emission 
the measurement of CO2 emission annually in metric 

tons 

 

We first got data from NASA climate. We got the CO2 dataset and temperature dataset from NASA. 

However, the datasets are very big, including unnecessary information. We only need total CO2, CO2 

per capita and annual temperature. The file had 2MB of data, so we did data cleaning in R 

programming first. We threw out unneeded factors such as Population and Country code. We also 

threw out missing data and duplicative information. We arranged all 235 countries in descending order 

and chose the top 10 countries to make a bar graph. 

We then find datasets about GDP and population from World meter. Their data can update to current 

years and even predict future data. We had to select the suitable year range in R programming and 

threw out missing data. All data is downloaded in .csv format. 

Then, we use data from R package maps to draw the world map. However, there are some structural 

errors when we try to merge the map data with GDP per capita data. For example, the country name 

for America is USA in map data whereas it is represented by America in GDP per capita data. We then 

downloaded another map data from tapiquen-sig.jimdofree.com, which best matches the GDP per 

capita data, and then combined them together using the common country name variable. 

Linear regression is a linear approach to analyze the relationship between response variable and 

predictor variables. It focuses on the conditional distribution of the response variable given the values 

of predictors. 

We used simple regression and multiple regression tests by using the lm. beta R package. The 

simple regression model assumes a linear relationship, Y=α+βX+ε, between a response variable Y and 

a single predictor variable X, with the regression coefficient β and the error term ε. A positive 

coefficient means a positive relationship between outcome variable and predictor variable. Multiple 

regression uses several predictor variables to predict the outcome of a response variable. 
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3. Results 

We first analyzed the global average temperature variation trend from 1880 to 2020. The data was 

collected by land-ocean surface temperature by GHCN–Monthly (GHCNm). The baseline was 1961-

1990 average temperature. The red color represented temperatures higher than baseline. The blue color 

indicated temperatures cooler than baseline. The global temperature increased from -0.4˚C to 1˚C. Fig. 

1 proved the world was getting warmer and warmer. After the 21st century, 19 hottest years have 

happened. The years 2020 and 2016 were the hottest years ever since 1880. The surface of the Earth 

continues to warm up, and we are facing a severe climate change problem. 

 

Figure 1. Average global Temperature Anomaly. Global average land-sea temperature (˚C) 

anomaly relative to the 1961-1990 average temperature. 

We tried to analyze the temperature change that varies around the world. The abnormal temperature 

dataset was published by the Met Office Hadley Centre in the U.K. At a global level, northern 

hemisphere, southern hemisphere, tropics, and global temperature changes were compared. Black line 

was the median of temperature. Gray color areas provided upper and lower bounds of 95% confidence 

interval. y=0 was highlighted. The baseline was 1961-1990. The global temperature increased from -

0.4˚C to 0.8˚C. The northern hemisphere increased from -0.5˚C to 1.2˚C because more countries 

aggregated in the northern hemisphere. Southern hemisphere changed from -0.7˚C to 0.5˚C. In the 

tropics, the temperature changed from -0.5˚C to 0.5˚C, because more green plants helped absorb CO2 

and less developed countries existed in the tropic areas. 
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Figure 2. Northern Hemisphere, Southern Hemisphere, Tropics, and Global. Global average land-

sea temperature (˚C) anomaly relative to the 1961-1990 average temperature. 

Source: Hadley Centre (HadCRUT4) 

Note: The red black line represents the median average temperature change, and the grey lines 

represent the upper and lower 95% confidence intervals. 

Fig. 2 showed CO2 concentration through the years 1850-2000. The graph begins after the Industrial 

Revolution in 1850 with a CO2 concentration of 280 ppm. After 1960, the rate of CO2 conc. has boosted 

faster than ever since more and more countries entered industrial societies. The rate of CO2 

concentration in the atmosphere is still increasing and not reaching its peak. 

Fig 3 indicated the use of energy releasing CO2 through the years in 1990-2018. The graph listed 

the top three carbon sources: coal (solid), natural gas (gas), and oil (liquid). At a global level, coal is 

the dominant emissions as solid fuel. Coal and oil dominated the CO2 emissions in million tons. After 

entering the 21st century, CO2 emissions increased and coal increased more. Today, coal and oil still 

dominate, while natural gas production and other energy sources, i.e., cement and flaring remain little 

contribution. Through time, the energy pattern has been diverse. 

 

Figure 3. The energy used for releasing CO2. The burning of coal, oil and natural gas all lead to 

increasing CO2 emissions (million t). 
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Fig 4 analyzed GDP per capita around the world. The top 10 countries and economic communities 

are all the most developed countries. Developed countries and richer people emit more CO2. 

 

Figure 4. Top 10 countries or economic communities releasing the most CO2 per capita in 2016. 

Developed countries release more CO2 per capita (metric tons). 

Fig 5 analyzed the annual CO2 emissions divided by world regions. Until around 1950, the global 

CO2 emissions were led by Europe and U.S. For example, over 90% of CO2 emissions were emitted 

by Europe or the U.S. Until 1950, they still took up over 85% of global emissions. However, in recent 

decades, the situation has changed. Other countries and world regions catched up and overpassed. 

Asian countries, especially China, India, and Russia, had a significant increase in global CO2 emissions. 

Europe and the U.S., on the contrary, took up almost 1/3 of the global CO2 emission. In this figure 

(Fig. 6), CO2 emissions were calculated by annual production, not including traded goods, and 

measured in tonnes based on territorial division. 

 

Figure 5. Annual total CO2 emissions, by world region. Top countries and world regions are 

included. Global emissions have not yet peaked. Europe and the U.S. emitted 90% of CO2 

emissions before around 1980. China, Russia and India took the top place in recent years. 
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Source: Global Carbon Budget - Global Carbon Project (2020) 

GDP in the world increased fast. GDP per capita describes individual behaviors. GDP per 

capita=GDP/Population. Fig 6 is a choropleth map of GDP per capita in 2016. Europe, North America, 

and Australia had higher GDP per capita. South America, Asia, and Africa had lower GDP per capita. 

This was corresponding to economic development. Europe and the U.S. began industrial revolution 

earlier than other countries. 

 

Figure 6. GDP per capita choropleth map in 2016. The map describes Western Europe, North 

America and Australia as the countries with the highest GDP per capita (in U.S. dollars). Grey 

colour represents missing data. 

Fig 7 showed the top ten countries in 2016 GDP per capita measurement. Developed countries, 

such as Luxembourg, Switzerland, Norway, took the lead. 

 

Figure 7. Top 10 Countries by GDP per Capita in 2016. European Countries took the lead. 

A simple linear regression (Fig. 9) was calculated to predict temperature based on global GDP per 

capita. A significant regression equation was found (F (1, 38) = 119, p<0.000, with an R2 of 0.75. 

Global temperature is equal to 0.07763 + 6.626e-05 (GDP), where GDP is measured in adjusted U.S. 
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dollars. Temperature of measurement increased by 0.00007 degrees for each 1 unit increase in Global 

GDP Per Capita. 

 

Figure 8. Relationship between global GDP per capita and global temperature with a loss smoother 

and standard error bar (left). Simple linear regression analysis of the data (right). Positive 

correlation is confirmed (p < 0.001). 

Note: b = 0.00007 (SE = 0.000006), β = 0.87, R2 = 0.75 

A simple linear regression (Fig. 9) was calculated to predict temperature based on global CO2 

emissions. A significant regression equation was found (F (1, 5) =44.23, p<0.001, with an R2 of 0.89. 

Global temperature is equal to -0.299 + 3.479e-05 (CO2), where CO2 is measured in parts per million. 

Temperature of measurement increased by 0.000035 degrees for each 1 unit increase in CO2 emissions. 
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Figure 9. Simple regression test for CO2 emissions as predictor and global temperature as response 

variable. Positive correlation is confirmed (p < 0.001). 

Note: b = 0.000035 (SE = 0.000005), β = 0.95, R2 = 0.88 

A multiple linear regression (Fig. 10) was calculated to predict temperature based on global GDP 

and global CO2 emissions together. A significant regression equation was found (F (2, 4) =17.69, 

p=0.01, with an R2 of 0.89. Global temperature is equal to -0.3088 - 1.81e-06 (GDP) + 3.567e-05 

(CO2), where GDP is measured in adjusted U.S. dollars and CO2 is measured in parts per million. 

Temperature of measurement increased by 1.81e-06 degrees for each 1 unit increase in GDP and 

3.567e-05 degrees for each 1 unit increase in CO2. 

 

Figure 10. Multiple regression test for CO2 emissions and GDP per capita as predictors, and global 

temperature as response variable (p < 0.01). 

Note: b1 = -1.81e-06 (SE1 = 8.428e-05), β1 = -2.444e-02, b2 = 3.567e-05 (SE2 = 4.176e-05), β2 

= 9.721e-01, R2 = 0.89 

A simple linear regression (Fig. 11) was calculated to predict global CO2 emissions based on global 

GDP per capita. A significant regression equation was found (F (1, 8) =93.7, p<0.000, with an R2 of 

0.92. Global CO2 emissions are equal to 3.273 + 2.15e4 (GDP), where GDP is measured in adjusted 

U.S. dollars. CO2 emissions of measurement increased by 2.15e4 parts per million for each 1 unit 

increase in global GDP per capita. 
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Figure 11. Relationship between global GDP per capita and global temperature. Linear regression 

model is used. Positive correlation is confirmed (p < 0.001). 

Note: b = 0.0001 (SE = 0.00001), β = 0.96, R2 = 0.92 

A simple linear regression (Fig. 12) was calculated to predict log (global CO2 emissions) based on 

log (global GDP per capita). A significant regression equation was found (F (1, 163) = 1040, p<0.000, 

with an R2 of 0.86. Log (global CO2 emissions) are equal to -10.22+1.187(GDP per capita), where log 

(GDP per capita) is measured in adjusted U.S. dollars. Log (CO2 emissions) of measurement increased 

by 1.187 parts per million for each 1 unit increase in log (global GDP per capita). 

 

Figure 12. Positive relationship between log(GDP per capita in dollar) and log(Annual CO2 

emission per capita in t) for most of the countries in 2015 (p < 0.001). Log is used to strengthen the 

correlation. 
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Note: b = 1.2 (SE=0.04), β = 0.93, R2 = 0.86 

A simple linear regression (Fig. 13) was calculated to predict China CO2 emissions based on China 

GDP per capita. A significant regression equation was found (F (1, 79) = 2458, p<0.000, with an R2 

of 0.96. China CO2 emissions are equal to -3.481e-02 + 6.06e-04 (China GDP per capita), where China 

GDP per capita is measured in adjusted U.S. dollars. China CO2 emissions of measurement increased 

by 6.06e-04 parts per million for each 1 unit increase in China GDP per capita. 

 

 

Figure 13. GDP per capita v.s. CO2 emission per capita in developing countries, China. Linear 

regression models were applied (right). Simple regression was applied in analysis. Positive 

correlation is confirmed in China (p < 0.001). 

Note: b=0.0006 (SE=0.00001), β = 0.98, R2=0.97 

A simple linear regression (Fig. 14) was calculated to predict India CO2 emissions based on India 

GDP per capita. A significant regression equation was found (F (1, 134) = 3049, p<0.000, with an R2 

of 0.95. India CO2 emissions are equal to -0.2173+3.549e-04 (India GDP per capita), where India GDP 

per capita is measured in adjusted U.S. dollars. India CO2 emissions of measurement increased by 

3.549e-04 parts per million for each 1 unit increase in India GDP per capita. 
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Figure 14. GDP per capita v.s. CO2 emission per capita in developing countries, India. Linear 

regression models were applied (right). Simple regression was applied in analysis. Positive 

correlation is confirmed in India (p < 0.001). 

Note: b=0.0004 (SE=0.000006), β= 0.98, R2=0.96 

A simple linear regression (Fig. 16) was calculated to predict U.K. CO2 emissions based on the 

U.K. GDP per capita. A significant regression equation was found (F (1, 217) = 56.8, p<0.000, with 

an R2 of 0.20. U.K. CO2 emissions are equal to 5.951 + 1.451e-04 (U.K. GDP per capita), where the 

U.K. GDP per capita is measured in adjusted U.S. dollars. U.K. CO2 emissions of measurement 

increased by 1.451e-04 parts per million for each 1 unit increase in the U.K. GDP per capita. 

A multiple linear regression (Fig. 16) was calculated to predict U.K. CO2 emissions based on the 

U.K. GDP per capita. A significant regression equation was found (F (2, 216) = 294.7, p<0.000, with 

an R2 of 0.73. U.K. CO2 emissions are equal to 0.773+1.106e-03 (U.K. GDP per capita) - 2.605e-08 

(U.K. GDP per capita)2, where U.K. GDP per capita is measured in adjusted U.S. dollars. U.K. CO2 

emissions of measurement increased by 1.106e-03 parts per million for each 1 unit increase in the U.K. 

GDP per capita and -2.605e-08 parts per million for each 1 unit increase in the square of the U.K. GDP 

per capita. 
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Figure 15. GDP per capita v.s. CO2 emission per capita in developed countries, U.K. Linear 

regression models were applied. Simple regression (above) and multiple regression (below) of 

GDP2 was applied in analysis. Correlation is confirmed in the U.K. (p < 0.001). 

Note: b=0.0006 (SE=0.00002), β = 0.46, R2 of GDP=0.21 (above), R2 of GDP2=0.73 (below) 

A simple linear regression (Fig. 17) was calculated to predict the U.S. CO2 emissions based on the 

U.S. GDP per capita. A significant regression equation was found (F (1, 217) = 412.7, p<0.000, with 

an R2 of 0.65. U.S. CO2 emissions are equal to 3.302+4.316e-04 (U.S. GDP per capita), where the 

U.S. GDP per capita is measured in adjusted U.S. dollars. U.S. CO2 emissions of measurement 

increased by 4.316e-04 parts per million for each 1 unit increase in the U.S. GDP per capita. 

A multiple linear regression (Fig. 16) was calculated to predict U.S. CO2 emissions based on the 

U.S. GDP per capita. A significant regression equation was found (F (2, 216) = 1548, p<0.000, with 

an R2 of 0.793. U.S. CO2 emissions are equal to -3.21+1.503e-03 (U.S. GDP per capita)-2.167e-08 

(U.S. GDP per capita) where U.S. GDP per capita is measured in adjusted U.S. dollars. U.S. CO2 

emissions of measurement increased by 1.503e-03 parts per million for each 1 unit increase in the U.S. 

GDP per capita and -2.167e-08 parts per million for each 1 unit increase in the square of the U.S. GDP 

per capita. 
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Figure 16. GDP per capita v.s. CO2 emission per capita in developed countries, U.S. Linear 

regression models were applied. Simple regression (above) and multiple regression (below) of 

GDP2 was applied in analysis. Correlation is confirmed in the U.S. (p < 0.001). 

Note: b=0.0004 (SE=0.00002), β= 0.81, R2 of GDP=0.66 (E), R2of GDP2=0.93 (F) 

A multiple linear regression (Fig. 17) was calculated to predict temperature based on the global 

total GDP and GDP per capita. A non-significant regression equation was found (F(2, 37) = 70.31, 

p<0.000, with an R2 of 0.79. 
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Figure 17. Relationship between global total GDP (in U.S. dollars) and temperature from average 

temperature in 1910-2000 (˚C). Loess regression model was used. Positive correlation was 

confirmed (p < 0.001). 

Note: b=0.0001 (SE=0.001), β = 0.88, R2=0.78  

A simple linear regression (Fig. 17) was calculated to predict temperature based on the Global total 

GDP. A significant regression equation was found (F (1, 38) =133.9, p<0.000, with an R2 of 0.77. 

Temperature is equal to 0.188+7.878e-15 (total GDP), where the total GDP is measured in adjusted 

U.S. dollars. Temperature of measurement increased by 7.878e-15 parts per million for each 1 unit 

increase in total GDP. 

4. Discussion 

Humans released a great amount of CO2 to the atmosphere (Fig. 4) of the Earth after the Industrial 

Revolution (Fig. 3). Many major developed countries finished the Industrial revolution after 1850. 

Industry released a great amount of CO2, so the CO2 conc. increased greatly from that period of time. 

Previous studies showed CO2 conc. increases 48% than pre-industrial time (NASA). This change 

rate was much greater than natural changes by nature. As we well into 1960, the rate of CO2 conc. has 

boosted faster than ever since more and more countries entered industrial societies. A warning sign 

was that the rise of CO2 conc was still not at its peak. The leaders of most countries realized the existing 

damages and underlying crisis for human beings. Thus, in 2015, 195 countries agreed to reduce carbon 

emissions and set a zero-increase target in the Paris Accord. However, as we can tell in Fig. 3 the rate 

of CO2 increased at the same speed. The effect of the Paris Accord was weak. We also found out 

Covid-19 in 2020 didn’t slow down the increasing rate of CO2. The CO2 conc. has increased to a new 
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record level. We need more powerful agreement and stronger crisis awareness to gather all human 

beings together and protect the environment. 

Human activities increased the CO2, a heat-trapping green-house gas, in the Earth's atmosphere. By 

burning fossil fuels, deforestation, and natural activities of volcanic eruptions, the level of CO2 

concentration increased in the atmosphere. Carbon dioxide (CO2) is a natural gas fixed via 

photosynthesis. However, in recent years, human emissions of fossil fuel combustion and biomass 

burning caused abnormal increases in atmospheric CO2. Other industrial processes and land use also 

contribute to the current CO2 increase. CO2 is the main cause of rising temperature in the atmosphere. 

The increasing amount and level of CO2 of a country are the indicator of greenhouse gas (Oliver & 

Peters, 2017). Greenhouse gases include CO2, CH4, N2O, O3, and water vapor. CO2 increase is caused 

by anthropogenic activities. The forms of CO2 include solid, liquid, and gas fuels/flaring. The rising 

of CO2 will affect the radiative balance in the atmosphere of the Earth. By increasing the absorbance 

of heat-carrying long-wavelength infrared rays, CO2 holds the heat inside of the planet which causes 

atmosphere temperature to increase. The CO2 emissions are the key reference gas in our climate change 

analysis. 

The CO2 release came from fossil fuel and industrial production. We analyzed the top three CO2 

sources: coal, oil, and natural gas (Fig. 4). At a global level, we saw coal as the dominant emission 

source as solid fuel. From the 18th century, coal-fired power emerged for industry use in Europe and 

the U.S. Until the 20th century, we started to see the growth of oil and natural gas. Today, coal and oil 

still dominate, while natural gas production and other energy sources, i.e., cement and flaring remain 

little contribution. The figure 4 showed an energy pattern: solid fuel in early industrialization turned 

into liquid or gas fuel. As time went, the energy pattern has been diverse. Even in some developing 

areas like Latin America, coal consumption was still small in the early stage. But in Asia, solid carbon 

emission still dominated the contribution compared to other areas.  

GDP is the best economic indicator. GDP can describe the economy of a country straightforwardly. 

GDP in the world increased fast. We were four times richer than people in 1980. Prosperity was a 

recent achievement compared to our ancestors. GDP is a measure of the total production of an 

economy. It is the monetary value of all goods and services. GDP per capita is calculated by GDP / 

Population. It can measure the prosperity of individuals in a country. Through inflation-adjusted GDP 

measured in U.S. dollars, we can know the country's history and development level. By GDP per capita, 

we can understand the behavior of each person. 

In figure 5 and 6, we analyzed the total annual CO2 emissions and CO2 emissions per capita divided 

by world regions. People in developed countries release more CO2 to the air compared to people in 

other countries. Richer people made more contributions to the climate change situation (Fig. 5). By 

comparing annual CO2 emissions among all 235 countries in the world, we found that until around 

1950, the global CO2 emissions were led by Europe and U.S. For example, over 90% of CO2 emissions 

were emitted by Europe or the U.S. Until 1950, they still took up over 85% of global emissions. 

However, in recent decades, the situation has changed. Other countries and world regions catched up 

and overpassed. Asian countries, especially China, India, and Russia, had a significant increase in 

global CO2 emissions. Europe and the U.S., on the contrary, took up almost 1/3 of the global CO2 

emission. In this figure (Fig. 6), CO2 emissions were calculated by annual production, not including 

traded goods, and measured in tonnes based on territorial division. 

If we compare every region with their economy in the past, we will find every world region is richer 

than before. But not every country developed the same. Unequal development caused serious 

inequality in the world. Europe, North America, and Australia had higher GDP per capita. South 

America, Asia, and Africa had lower GDP per capita (Fig. 7). This was corresponding to economic 

development. Europe and the U.S. began industrial revolution earlier than other countries. 

Economic growth is a good thing. We all hope we can live better lives. But we need to reduce the 

human impact on the environment. Like the saying from Mariana Mazzucato: “economic growth has 

not only a rate but also a direction” (Mazzucato, 2017). We have other better options than polluting 

industries such as improved technology, alternatives to meat, and enhanced solar energy. We are at a 
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point to take action and choose a direction. Economic growth is not the top priority anymore. It is one 

of the methods to achieve other goals. With a better economy, more chances are obtained. A good 

economy could offer people a suitable lifestyle. A low-carbon and green lifestyle could be the best 

choice for people. GDP per capita describes the behaviors of individuals based on the freedom of 

choice. Thus, it is very important to trace the GDP per capita around the world. 

It is time to figure out how the GDP per capita relates to global warming. First of all, we drew a 

scatter plot to see the relationship between Global GDP per capita and Global temperature (Fig. 9). 

Then we used a simple regression model to fit the data. From Figure 9, there is a roughly positive 

linear relationship between Global GDP per capita and Global temperature from the year 1980 to 2019. 

The simple regression analysis, b=0.00007, indicates that for each 1 unit increase in Global GDP Per 

Capita, Global Temperature increases by 0.00007 degrees. And beta =0.87 means that for each 1 

standard deviation increase in Global GDP Per Capita, Global Temperature increases by 0.87 standard 

deviations. R2=0.75 represents that Global GDP Per Capita accounts for 75% of the variance in Global 

Temperature. Global GDP Per Capita significantly predicts Global Temperature since p-value < 0.001. 

Then, we analyzed the relationship between CO2 emission and Global temperature in figure 10. 

Similar simple regression results were seen for the relationship between CO2 emission and Global 

temperature. CO2 emission significantly predicts temperature since the p-value is less than significance 

level. From the results of two simple regression tests, both Global GDP Per Capita and CO2 emission 

are significant variables in predicting Global temperature. Next, we considered multiple regression 

analysis with Global GDP Per Capita and CO2 emission together as predictor variables, Global 

Temperature as the response variable. 

The relation between Global GDP per capita and Global CO2 emission per capita was positive linear 

from 1990 to 2018 (Fig. 12). From the simple regression analysis, the p-value is less than 0.001. The 

relationship between the two variables was highly significant. With 1 unit of GDP per capita increased, 

CO2 emission per capita increased 0.0001. And beta = 0.96 illustrated that CO2 emission increased by 

0.96 standard deviations if GDP per capita would increase by 1 standard deviation. And the R2 =0.92 

represented that Global GDP Per Capita accounted for 92% of the variance in Global CO2 Emission 

per capita. 

Figure 13 illustrates the relation between GDP per capita and CO2 emission per capita for each 

county in 2015. To show stronger relation, the GDP per capita and CO2 per capita were calculated 

with log. P value was smaller than 0.001, which means the relation between log (GDP per capita in 

dollar) and log (Annual CO2 emission per capita in t) was significant. With 1 unit of log (GDP per 

capita) increases, log (CO2 emission per capita) increased 1.2. Beta = 0.93 illustrated that log (CO2 

emission per capita in t) increased by 0.93 standard deviations if log (GDP per capita) would increase 

by 1 standard deviation. And the R2 =0.86 represents that log (GDP Per Capita) accounted for 86% of 

the variance in log (CO2 Emission per capita in t). 

The counties were divided into developing countries and developed countries. And the relation 

between country GDP per capita and annual CO2 emission per capita was evaluated. From figure 14 

and figure 15, developing countries' conditions were shown by using China and India as examples. In 

the China linear regressions analysis, the simple regression results for China (Fig. 14). b=0.0006 means 

when GDP per capita increased 1-unit, annual CO2 emission per capita would increase 0.0006. When 

GDP per capita increased 1 standard deviation, annual CO2 emission per capita would increase 0.98 

standard deviation. P value was small enough to say the relation was sever significant. And R2=0.97 

represents GDP Per Capita accounted for 97% of the variance in CO2 emission per capita. The India 

linear regressions analysis illustrated the simple regression analysis results for India (Fig. 15). 

Compared with China’s data, the results were very similar. GDP per capita increased 1-unit, annual 

CO2 emission per capita would increase 0.0004. GDP per capita increased 1 standard deviation, annual 

CO2 emission per capita would increase 0.98 standard deviation. R2=0.96 represents GDP Per Capita 

accounted for 96% of the variance in CO2 emission per capita. 

In figure 16 and figure 17, developed countries' conditions from 1800 to 2018 were shown by using 

the United States and the United Kingdom as examples. For the developed countries, the relations 
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were no longer linear. The relations were still significant since the p value < 0.001. From simple 

regression analysis, both R2 show the level decrease of GDP Per Capita accounting for the variance 

in CO2 emission per capita. To increase the accuracy of the statistical analysis, multiple regression 

analysis was used. GDP per capita and square of GDP per capita were used together to evaluate CO2 

emission. Multiple regression analysis for the United Kingdom, with 1 unit of GDP per capita 

increased, CO2 emission per capita would increase 0.001. With 1 unit of (GDP per capita)2 increased; 

CO2 emission per capita would decrease 0.00000003. With both GDP per capita and its square, CO2 

emission per capita can be explained by 73%. The level of explanation for CO2 emission was also 

increased a lot with multiple regression analysis for the United States. Now, 93% of CO2 emission 

could be explained by GDP per capita and its square. 

It is the analysis on the relationship between global total GDP and temperature change. First, we 

can see the simple regression between them is roughly linear, very similar to the regression between 

global GDP per capita and temperature change. Second, for the bottom right, it is the simple regression 

test on the relationship between global total GDP and temperature change, we can see that p-value is 

very small, and we can say that global total GDP is a significant variable on predicting global 

temperature change. Thirdly, the left summary is on the multivariable regression test when we put 

global GDP per capita and global total GDP together to predict temperature change, the result is not 

the same as the simple regression test, p-values for both variables cannot support the significance on 

all confidence levels. We think the reason is because of multicollinearity, if we put the variables 

together as prediction variables, they will affect each other. 

Lastly, we did a variable selection test on multiple variable regression test to see if we really want 

to drop the variable or not, the method is backward elimination. The result tells us that we should not 

drop either of them because of lower AIC value, so that is also supporting our multicollinearity 

hypothesis. 

The whole world is facing a global warming crisis. Now, the world is on the pathway of 1˚C. The 

warming rate is still increasing. G20 countries are putting efforts to slow down the carbon emissions 

before 1.5˚C. If the global temperature breaks 1.5˚C, the environmental damage will be irreversible. 

We don’t need to have ecology despair since humans will get together to not pass the 1.5˚C threshold. 

A lower price on renewable energy could help the world find a potential pathway to balance 

development and environmental protection. With more and more research and analysis being applied, 

people will be more aware of climate change and more possible to speed up finding a solution to solve 

this ecology problem. 

We have to face the inequality of global warming, a contentious consensus of climate change. 

Developed countries contributed more CO2 to the atmosphere. But people in developing countries, 

especially women and old people in poverty, suffer more from global warming. When the global 

temperature increases, the higher temperature causes more damage to developing countries since 

agriculture takes more proportion in those countries. Although China and the U.S. are the two top CO2 

countries, Europe and the U.S. accumulated more carbon pollution from 1850. Those developed 

countries should shoulder more obligations. But currently, we got more pledges than actions. 

5. Conclusion 

The world needs more attention on climate change more than ever. Under this situation, we made 

this project to analyze the history, causes, outcomes, contribution of CO2, relationship with the 

economy. Our results supported our hypothesis. Global warming began after the Industrial Revolution 

and speeded up after 1960. The solid carbon release dominated, and liquid / gas carbon release speeded 

up greatly. Increasing CO2 caused the sea-level rise and more coral bleachings. The U.S. and Europe 

had a long history of CO2 emissions. Developed countries emitted more CO2 per capita. Developing 

countries like China, Russia, and India have caught up and released CO2 in recent years. In the 

development of a country, CO2 emission levels will increase greatly in the early stages. The rate of 

CO2 emission then will decrease at a later stage. We found strong indications of relative sensitivity 
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between global emissions and the economy. GDP per capita has a positive correlation with increasing 

temperature. GDP per capita is positively correlated with CO2 emission. Total GDP is positively 

correlated with CO2 emission. Overall, the global economy has a positive correlation with global 

warming. Total GDP and GDP per capita and CO2 emission are significant variables in predicting 

global temperature change. Our simple regression tests support the hypothesis with p < 0.001. 

Although terms are no longer significant in multiple regression tests for total GDP and CO2 emissions, 

we kept the relationship due to the multicollinearity AIC test. 

References 

[1] Fomby, T. B., & Vogelsang, T. J. (2002). The application of size-robust trend statistics to global-warming 

temperature series. Journal of Climate, 15 (1), 117 - 123. 

[2] Diffenbaugh, N. S., & Burke, M. (2019). Global warming has increased global economic inequality. 

Proceedings of the National Academy of Sciences, 116(20), 9808 - 9813. 

[3] Choinière, C., & Horowitz, J. K. (2000). A production function approach to the GDP-temperature 

relationship. Available at SSRN 267352. 

[4] Marjanović, V., Milovančević, M., & Mladenović, I. (2016). Prediction of GDP growth rate based on 

carbon dioxide (CO2) emissions. Journal of CO2 Utilization, 16, 212 - 217. 

[5] Skripnuk, D. F., & Samylovskaya, E. A. (2018, August). Human activity and the global temperature of 

the planet. In IOP conference series: earth and environmental science (Vol. 180, No. 1, p. 012021). IOP 

Publishing. 

[6] Ping-Yu Chen, Sheng-Tung Chen, Chia-Sheng Hsu & Chi-Chung Chen (2016). Modeling the global 

relationships among economic growth, energy consumption and CO2 emissions. Renewable and 

Sustainable Energy Reviews. Volume 65, November 2016, Pages 420 - 431. 

[7] Matthew E. Kahn, Kamiar Mohaddes, Ryan N. C. Ng, M. Hashem Pesaran, Mehdi Raissi and Jui-Chung 

Yang (2019). Long-Term Macroeconomic Effects of Climate Change: A Cross-Country Analysis. 

Authorized for distribution by Catherine Pattillo October 2019 

[8] Michael Tucker. Carbon dioxide emissions and global GDP. Ecological Economics Volume 15, Issue 3, 

December 1995, Pages 215 – 223. 

[9] Richard G. Newell, Brian C. Presta, Steven E. Sextonb. The GDP-Temperature relationship: Implications 

for climate change damages. Journal of Environmental Economics and Management Volume 108, July 

2021, 102445. 

[10] Tom Kompas, Van Ha Pham, Tuong Nhu Che. The Effects of Climate Change on GDP by Country and 

the Global Economic Gains from Complying with the Paris Climate Accord. Earth’s Future 

Volume6, Issue8 August 2018. 

Appendix 

1.CO2 Emissions from Fuel Combustion Highlights. Is retrieved 09.25.2021 from https://www.imf.org/ 

2.CO2 emissions (kt) is retrieved 10.03.2021 from 

https://data.worldbank.org/indicator/EN.ATM.CO2E.KT?view=chart. 

3.CO2 emissions (metric tons per capita). Data is retrieved September 30, 2021, from 

https://data.worldbank.org/indicator/EN.ATM.CO2E.PC?end=2018&start=1960&type=shaded&view=map.  

4.Countries in the world by population (2021) is retrieved September 30, 2021, from 

https://www.worldometers.info/world-population/population-by-country/. 

5.Each country's share of CO2 emissions. Union of Concerned Scientists. Retrieved September 30, 2021, 

from https://www.ucsusa.org/resources/each-countrys-share-co2-emissions. 

6. IEA is retrieved on September 30, 2021, from https://www.iea.org/data-and-statistics. 

7. International Monetary Fund is retrieved on September 30, 2021, from 

https://www.imf.org/en/Publications/WEO/weo-database/. 

8. Met Office Hadley Centre. (2012, September). Quantifying uncertainties in global and regional 

temperature change using an ensemble of observational estimates: The HadCRUT4 dataset is retrieved  from 

https://www.metoffice.gov.uk/hadobs/hadcrut4/index.html. 



Highlights in Science, Engineering and Technology ESETEP 2023 

Volume 48 (2023)  

 

36 

9. The causes of climate change. NASA is retrieved on September 30, 2021from 

https://climate.nasa.gov/causes/. 

10. Revision of the EPICA Dome C CO2 record from 800 to 600 kyr before present, 1 is retrieved from 

https://www.esrl.noaa.gov/gmd/ccgg/trends/data.html. 

11. Global GDP 2014-2024. Statista is retrieved on September 30, 2021, from 

https://www.statista.com/statistics/268750/global-gross-domestic-product-gdp/. 

12. CO₂ and greenhouse gas emissions. Our World in Data is retrieved September 30, 2021, from 

https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions. 

13. Ritchie, H., & Roser, M. (2020, May 11). Emissions drivers. Our World in Data is retrieved September 

30, 2021, from https://ourworldindata.org/emissions-drivers?country=. Pierre Friedlingstein. (2020; 

December). 

14. Global Carbon Budget 2020 is retrieved 09.16.2021 from 

https://folk.universitetetioslo.no/roberan/GCB2020.shtml. 

15. The World Bank. (2021, July). World Development Indicators-World Bank is retrieved 09.18.2021 

from http://data.worldbank.org/data-catalog/world-development-indicators. 


