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ABSTRACT 

In the recent years, experts around the globe have expressed concerns regarding the increase in earth’s temperature and 

the rise in methane emissions. This study aims at investigating the connection between methane emissions and the rate of 

increase of earth’s global surface temperature based on secondary data, collected by authentic and credible organizations 

such as NASA from 2009 to 2019. The data is then graphed and the relationship between the variables in analysed with the 

help of supporting pictures provided by NASA. Following the evaluation and conclusion of data, the main aim of this 

research is to find root causes and solutions to rise in methane emissions. 
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INTRODUCTION 

The recent Glasgow climate change conference in 2021 had the whole world on its toes and was held with a key 

objective; to keep global warming to a maximum of 1.5 C and to achieve global net zero emissions by the middle of 

the century. I was curious to explore further into this global issue and examine the core causes of global warming. I 

remembered that during one of my physics classes at school, my professor introduced me to the emission of gasses 

and the direct impact it had on the increase in surface temperature of the earth. Based on my study from research 

journals and newspapers, I found that methane is a potent greenhouse gas which is extremely harmful to the 

environment as it is able to trap heat in the atmosphere thus being a huge contributor to global warming. Being a 

concerned global citizen, I was curious to read more about the alarming issue of global warming and assess the 

harmful impact it had globally. Even though there are many other greenhouse gasses contributing to global 

warming such as carbon dioxide, research by NASA has proven that controlling methane emissions is key to 

limiting global warming, which is why I chose to base my research on this gas. Following in-depth research under 

this topic, I found that human activities such as coal mining, production, processing and distribution of natural gas 

and crude oil fuel the emission of this gas. In order to scientifically understand this concept further, I intend to 

investigate how the percentage increase in methane gas affects the temperature of earth and the rate of melting of 

ice basing my conclusions on the readings between 2009 and 2019. 

Theory 

Being a hydrocarbon, methane (CH4) is a main constituent of natural gas. Because methane is a greenhouse gas 

(GHG), its presence in the atmosphere has an impact on the planet's climate and temperature. Methane 
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concentrations in the atmosphere have grown significantly during the past century and are still rising. It can absorb infrared 

radiation from the atmosphere at a rate that is 21 times higher than that of carbon dioxide, the most common greenhouse 

gas (CO2). Even yet, methane is predicted to contribute just 18% of the estimated global warming, versus 50% for CO2, 

due to its short 12-year persistence. But when we consider that methane may chemically react to produce tropospheric 

ozone, it could be responsible for up to a third of current climate warming. Methane absorbs some frequencies of infrared 

radiation which would otherwise go straight out back to space. In combination with other greenhouse gases (water vapor, 

carbon dioxide and nitrous oxide), this leads to a surface temperature that is about 30°C warmer than if there were no 

atmosphere. Thus, leading to melting of glaciers, due to the high temperatures within the atmosphere.1 

Heat is generated during the combustion of methane gas, making the reaction exothermic. Specifically, 1 moll of 

methane burns to produce 890.4 kilojoules of heat energy. A balanced equation as below can be shown to support this 

information. 

CH4(g) + 2O2(g) ⟶ CO2(g) + 2H2O(g) 

ΔHm = – 890.4 kJ 𝑚𝑜𝑙−1 

The Global Warming Potential (GWP) was created to enable comparisons between the effects of various gases on 

global warming. In more detail, it is a measurement of the amount of energy that 1 tonne of a gas will absorb over a certain 

amount of time in comparison to 1 tonne of carbon dioxide (CO2). A given gas warms the Earth more in comparison to 

CO2 during a certain time period the higher the GWP. The typical time frame for GWPs is 100 years. GWPs offer a 

standard unit of measurement that enables analysts to sum up emissions estimates for various gases and policymakers to 

assess prospects for emissions reduction across industries and gases. 

Methane is considered to be an F gas (Fluorinated Greenhouse gas). The carbon-dioxide equivalent of an F gas 

can be calculated using the following equation: 

CO2 equivalent of an F gas = mass of gas (in tonnes) × gas′global warming potential (GWP)2 

Methane (CH4) is predicted to have a GWP of 27 to 30. Compared to CO2, the typical lifetime of CH4 emissions 

today is substantially shorter, at ten years. But unlike carbon dioxide, CH4 also absorbs a lot more energy. The GWP 

reflects the overall result of the shorter lifetime and greater energy absorption and also suggest that the rate of emissions of 

methane will affect the increase in surface temperature. 

Sources from Which Methane is Emitted:3 

 Agriculture - Domesticated animals including cattle, create CH4 naturally as part of their digestive processes. 

Additionally, CH4 is created during the management or storage of animal dung in lagoons or holding tanks. The 

emissions are regarded as being related to humans because people grow these animals for food and other items. 

 Energy and Industries - The second greatest source of CH4 emissions is from natural gas and petroleum systems. 

Natural gas primarily consists of methane. When natural gas is produced, processed, stored, transmitted, and 

                                                             
1“Methane and Global Warming.” Chemistry LibreTexts. 
2“Calculate the Carbon Dioxide Equivalent Quantity of an F Gas.” GOV.UK 
3EPA, Environmental Protection Agency, www.epa.gov/ghgemissions/overview-greenhouse-gases#methane. 
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distributed, as well as when crude oil is produced, refined, transported, and stored, methane is released into the 

atmosphere. Emissions of CH4 are also caused by coal mining. 

 Waste from homes and businesses - Methane is produced during the decomposition of trash and wastewater 

treatment in landfills. The third greatest source of CH4 emissions is landfills. Additionally, the treatment of home 

and commercial wastewater, composting, and anaerobic digestion all produce methane. 

 Abrupt thawing - When thaw slumps, are created by a landslide near a stream or a hillside, it results in exposing 

more permafrost that accelerates the release of trapped carbon, which in turn rapidly contributes to global 

warming. As the permafrost thaws, microbes in the soil begin consuming frozen organic material. A Yale study 

for the Submarine permafrost in the Arctic Ocean suggests that 60 billion tons of methane and 560 billion tons of 

organic carbon are buried underneath that make it a potential source for the emission of methane and other 

greenhouse gases that have yet not been included in climate studies concerning global warming. It also suggests 

that the amount of carbon locked here could be more than the amount released by humans since the Industrial 

Revolution. 

 

Figure 1: Methane Permafrost Cycle 

 Increased human population - Increasing human population, more agriculture, waste and fossil fuel production, 

have led to a serious drastic increase in the emission of greenhouse gases, especially methane. With this comes a 

rise in the rate of production of methane as well, artificially as well as naturally. Therefore, contributing majorly 

to the increasing the rate of emission of methane in the atmosphere that eventually resulting in increasing global 

temperature and increased rates of melting of ice. 
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Advantages of Methane 

Methane has significant environmental advantages over other hydrocarbons or fossil fuels, such as coal and gasoline made 

from refined oil, as it produces more heat and light energy per unit of mass while producing significantly less carbon 

dioxide and other pollutants that cause smog and unhealthy air. Methane clathrate, sometimes known as "fire ice" 

informally, is a type of ice crystal that has been created under conditions of high pressure and low temperature and 

contains natural methane gas. The compound is a very energy-intensive fuel because one cubic meter of it produces around 

160 cubic meters of gas. 

Disadvantages of Methane 

Ground-level ozone is a dangerous air pollutant and a greenhouse gas that causes 1 million premature deaths annually and 

is primarily formed by methane. Another potent greenhouse gas is methane. It is 80 times more effective at warming over a 

20-year period than carbon dioxide. Methane storage and use can be challenging and present significant issues that could 

worsen the global warming situation we are now facing. Given optimal circumstances, it is highly flammable, which raises 

the chance of combustion. 

Design 

 Independent Variable – Percentage increase of methane in the atmosphere 

I have calculated the percentage increase in methane from the years 2009-2019 based on the thousands of tonnes 

of methane emissions recorded by NASA during the timeframe. I will be investigating how this impacts the 

overall surface temperature increase of the earth.  

 Dependent Variable - Rate of increase of the surface temperature of the earth 

As the methane emissions increase each year due to a multitude of human activities, I will be assessing how this 

affects the rate of increase of the surface temperature of the earth. Further linearizing and graphing these values 

will help me better understand the relationship between the two variables. 

 Control Variable – temperature is standard or an average 

As temperature for each country and latitude varies according to location, an average reading is taken. We have 

assumed that they are from marshlands and neglected others as data suggested that observations are from sources 

such as wetlands or marshlands. This is also the average data so from all the countries in order to consider this 

data as average global temperature against the rate of methane emissions. 

Procedure 

Real-life collection of data of methane emissions is done by a variety of large-scale methods such as simulation of wetland 

and ground-based emissions, collection of satellite data using atmospheric models, emission recordings and inventories as 

per other nations, etc. by agencies such as NASA that have the resources to carry out these analyses. In compliance with 

the United Nations Framework Convention on Climate Change, individual nations submit sector-specific reports to the 

U.N. on their methane emissions (UNFCCC). Most nations use data on the amount of each fossil fuel they generated year, 

multiplied by an emissions factor published by the Intergovernmental Panel on Climate Change, to estimate their methane 
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emissions (IPCC). Additionally, a majority of the total governments only report a single figure for national emissions for 

each industry (oil, coal, and gas). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Methane Emissions from Oil, Gas and Coal Exploitation Mapped by NASA for the Year 20164 

In order to experiment and find relations between these variables on an individual basis, I used secondary data to conduct 

my research. I took a few months to research, prepare the database and ground facts, so that I have a clear understanding of 

the topic and can move forward with the analysis of the research. I had to resort to secondary data as I did not have the 

resources or tools at my disposal that would help me conduct an experiment of this caliber. But, throughout the process I 

ensured that the data collection process was guided by credible and authentic sources such as National Aeronautics and 

Space Administration (NASA), United States Environmental Protection Agency (EPA), National Snow and Ice Data 

Center (NSIDC) and Goddard Institute for Space Studies (GISS). Another aspect to consider was the factors causing this 

rise and what could be done either to decrease this rate of emission or to completely stop it. The data collected was 

analyzed to reach a definite conclusion and further evaluated to determine uncertainties and error in data which could have 

potentially hindered the conclusion of the research. My objective to this investigation was to dwell deeper into the research 

question by collecting valid data, compiling the data, and finally graphing it to understand various other perspectives to this 

global issue. 

Data Collection 

Initially, I collected data on the amount of methane released globally from 2009-2019 to further graph it and understand the 

percentage increase in CH4 emissions each year. I also calculated the percentage increase in the emission as compared to 

the reading in the previous year. 

 

                                                             
4“Mapping Methane Emissions from Fossil Fuel Exploitation.” NASA. 
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Table 1: Global Methane Emissions from 2009-2019 AS recorded by the World Bank5 

Year 
Methane emission (Thousands of 

Tonnes) +/- 100000 

Percentage Increase Since Previous 

Year (+/-0.1%) 

2009 7454480 0% 

2010 7620180 2% 

2011 7743640 2% 

2012 7810950 1% 

2013 7802430 0% 

2014 7885150 1% 

2015 7926670 1% 

2016 7948160 0% 

2017 8065920 1% 

2018 8189630 2% 

2019 8242600 1% 

 

 I then recorded data for global temperature increase from 2009-2019 as given by NASA. 

Table 2: Global Methane Emissions from 2009-2019 as Recorded by NASA6 

Year 

Global Temperature Increase per 

year (Degrees Celsius) (+/-0.2) 

2009 0 

2010 0.72 

2011 0.61 

2012 0.65 

2013 0.68 

2014 0.75 

2015 0.9 

2016 1.02 

2017 0.92 

2018 0.85 

2019 0.98 

 

Finally, I collected data for the methane emission versus the global surface temperature increase for these years in order to 

determine a relationship between the two variables. 

Table 3: Methane Emission V/S Global Surface Temperature Increase per Year 

Methane Emission (Thousands of 

Tonnes) +/- 100000 

Global Temperature Increase per year 

(degrees Celsius) +/-0.02 Degree C 

7454480 0.66 

7620180 0.72 

7743640 0.61 

7810950 0.65 

7802430 0.68 

7885150 0.75 

7926670 0.9 

7948160 1.02 

8065920 0.92 

8189630 0.85 

8242600 0.98 

                                                             
5“Methane Emissions (Kt of CO2 Equivalent).” Data. 
6“Global Surface Temperature.” NASA. 
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Graph Analysis 

 

Graph 1: Rate of Methane Emission from 2009-2019 

The gradient of the graph clearly increases. Hence, increasing the methane emissions would increase the surface 

temperature of the earth with a constant rate. This supports the hypothesis. The equation of the graph is𝑦 =

0.1711𝑒0.0088𝑥. The R2value of the graph is 0.9558. The high value of the coefficient of regression indicates that the data 

models a strong correlation. 

 

Graph 2: Rate of Surface Temperature Increase of Earth from 2009-2019 

Similar to the previous graph, the gradient of this graph increases with a moving average. The equation modelling this data 

is 𝑦 = 5𝐸 − 41𝑒0.046𝑥. The R2value is 0.7016. The data models a mildly strong correlation. Although there is quite some 

fluctuation in the trend, it can be concluded that it has steadily increased over a period of the ten years that evidently 

supports our hypothesis. 
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Graph 3: Rate of Methane Emission V/S Global Temperature Increase (2009-2019) 

The coefficient of regression for both the data from simulation and theory were similar. The equations of the graphs were 

also relatively similar. As expected, the data from both sources overlap each other. The minor differences in data could be 

due to factors such as the presence of rounding errors in data. 

 In order to support the analysis that the rate of grow of methane emissions and increase in earth’s temperature 

share a direct relationship and that a steady incline in this rate has in fact affected the earth’s temperature to a great extent, 

I found some pictures that NASA had processed from 2009 and 2019 that depict the net effect of the heat that methane 

traps on the earth’s atmosphere. 

 

Figure 3: Change in Global Surface Temperature in 2009 As Recorded by NASA 

The infrared light is absorbed by greenhouse gases in the atmosphere, such as carbon dioxide (CO2), methane (CH4), 

nitrous oxide (N2O), and water vapour, preventing it from entering space. The energy that is then emitted in all directions 

warms the globe as it is directed back toward it. Around 360 million tonnes of methane were released globally in 2019, 
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with human activity accounting for roughly 60% of that total (230 million tons). By capturing and using the gas, it is 

possible to reduce methane emissions while also gaining economic and environmental advantages.7 

 

Figure 4: Change in Global Surface Temperature in 2019 As Recorded by NASA 

How Can Methane Emissions Be Reduced? 

Source Methods to Reduce Methane Emissions 

Agriculture 

Waste and manure management techniques can be changed to limit and capture 

methane produced by manure management practices. Improvements to animal 

feeding procedures may also cut down on enteric fermentation emissions. 

Energy and 

Industries 

Many of the leaks that cause CH4 emissions can be decreased by modernizing the 

machinery used for the production, storage, and transportation of oil and natural gas. 

Coal mine methane can potentially be captured and used as a source of electricity. 

Waste from 
homes and 

businesses 

Emission controls that capture landfill CH4 are a successful reduction technique 

because CH4 emissions from landfill gas are a significant source of CH4 emissions. 

Abrupt thawing 
Ultimately, the world must drastically cut its greenhouse gas emissions if we are to 

stop the permafrost thaw. 

 

CONCLUSIONS 

To conclude, the rates of emission of methane depicts a direct relationship with the global surface temperature. This 

relationship is statistically significant. As the methane level in the atmosphere increases, the temperature of the earth 

increases with a moving average curve. This is because for the constant percentage increase in methane, the GWP for the 

same is increasing as well. An increase in the human population, more agriculture, waste, and fossil fuel production, have 

led to a serious drastic increase in the emission of greenhouse gases, especially methane. With this comes a rise in the rate 

of production of methane as well, artificially as well as naturally. Table 1 and 3 and Graph 3 show an evident increase in 

                                                             
7“Climate Mechanisms.” Climate Change Resource Center 
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the percentage production of methane, implying that the relationship holds true in all years. On noticing that the graph of 

this relationship modelled an increasing curve, the data was modelled using the natural log. Thus, a simpler relationship 

was derived. Using graph 4, new equation, y = 4.4965x - 71.647, was derived. The equation remained accurate for all 

values although there was a greater error in years that saw a spike in methane emissions. Thus, the derived equation could 

be used to model the relationship when methane emissions are constant and do not see sudden varied changes. 

Evaluation 

The results obtained after processing the data in graphs and analyzing them have supported the hypothesis. Since I had 

used data from secondary sources, there were no certain control variables that I could be sure of or ascertain any kind of 

random or systematic error in the same. The error achieved in my graphs could be due a result of rounding the readings. 

Due to these underlying assumptions, the data obtained and processed in real-life could have significant changes. 

I have also not considered other primary factors contributing to the temperature increase of the earth, which might 

give contrasting results against this research. Methane emissions are also a partial reason for the overall climate change and 

global warming and hence, other variables when considered could produce greater fluctuations in the impact level of this 

on global warming.  

Another point to consider is that I have not taken into consideration the geographical and topographical features of 

the various locations and time of the wetlands for when this secondary data was recorded. Although the data is authentic 

and credible to a great extent, it does not mention the potential errors in data as methane emissions cannot have an accurate 

measure and are always considered to be an estimate.  

There exist varied methane types and forms in which it is found in the environment, for example the different 

geological and biological processes that produce methane artificially and naturally. I was also uncertain of the methane 

emission recording techniques that the sources have utilized and so I have considered all the sources to have undergone a 

standardized method of collecting data. 

Further Scope of Research 

This research could be repeated in real-time using advanced technology that would give greater accuracy in results. The 

data could be individually tested for different countries and further for different locations within the country to gain a 

better understanding of the core places responsible for methane emissions. The readings should also be taken considering 

other external factors that would affect or impact the surrounding temperature. An in-depth analysis of other potent 

greenhouse gases and their contribution to temperature change would also better highlight the role that methane plays in 

this and the key causes for the emissions of methane to be varied over the years, but with a steady increase. Furthermore, 

this research was limited to a period of ten years and a larger timeline could be considered to better understand its 

increasing impact over the years and whether methane emissions triggered temperature change, or the increasing surface 

temperature was a result of multiple human or natural activities over time. 
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