
 

  

Impact of Greenhouse Gas Emissions on Arctic Ice 

Melt Rates 

 

  Sikandar Shah 



American Journal of Climatic Studies  

ISSN 2520-0471 (Online)    

Vol.4, Issue 3, pp 12 - 23, 2024                                                         www.ajpojournals.org 
 

https://doi.org/10.47672/ajcs.2341                       12            Shah (2024) 
 

Impact of Greenhouse Gas Emissions on Arctic Ice Melt Rates 
 

 Sikandar Shah 

 

Article history 

Submitted 16.05.2024 Revised Version Received 25.06.2024 Accepted 27.07.2024 

 

Abstract 

Purpose: The aim of the study was to assess 

the impact of greenhouse gas emissions on 

arctic ice melt rates. 

Methodology: This study adopted a desk 

methodology. A desk study research design is 

commonly known as secondary data 

collection. This is basically collecting data 

from existing resources preferably because of 

its low cost advantage as compared to a field 

research. Our current study looked into 

already published studies and reports as the 

data was easily accessed through online 

journals and libraries.  

Findings: The study indicated that the 

increase in atmospheric concentrations of 

carbon dioxide (CO2), methane (CH4), and 

other greenhouse gases has enhanced the 

greenhouse effect, trapping more heat in the 

Earth's atmosphere. This warming has been 

particularly pronounced in the Arctic region, 

where temperatures are rising at more than 

twice the global average rate. The warmer 

temperatures have resulted in earlier and 

more extensive melting of sea ice during the 

summer months, reducing the overall ice 

extent and thickness. This phenomenon is 

further exacerbated by positive feedback 

loops, such as the albedo effect, where the 

loss of reflective ice surfaces leads to greater 

absorption of solar radiation by the darker 

ocean waters, thereby increasing regional 

warming and further ice melt. Study have 

shown that the ongoing increase in 

greenhouse gas emissions will continue to 

drive significant declines in Arctic ice, with 

profound implications for global sea levels, 

weather patterns, and ecosystems. This trend 

underscores the urgent need for 

comprehensive strategies to reduce emissions 

and mitigate climate change impacts to 

preserve the Arctic environment. 

Implications to Theory, Practice and 

Policy: Greenhouse gas theory, albedo effect 

theory and climate change attribution theory 

may be used to anchor future studies on 

assessing the impact of greenhouse gas 

emissions on arctic ice melt rates. Investing 

in advanced satellite and remote sensing 

technologies is essential to provide more 

accurate and timely data on Arctic ice 

conditions. Formulating and enforcing 

stringent international policies aimed at 

reducing greenhouse gas emissions, 

particularly CO2 and CH4, is paramount.         
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INTRODUCTION 

Arctic ice melt rates have been a significant concern due to their implications on global climate 

change. The extent of Arctic sea ice has decreased by about 13.1% per decade since 1979, with 

2020 marking the second-lowest summer minimum extent on record at 3.74 million square 

kilometers (National Snow and Ice Data Center, 2023). The volume of ice has similarly declined, 

with the average September ice volume now being 72% lower than in 1979 (Schweiger, Lindsay, 

Zhang, Steele, Stern & Kwok, 2019). In the USA, this reduction has been linked to rising sea 

levels, affecting coastal communities and infrastructure, while in Japan, increased ocean 

temperatures have disrupted marine ecosystems and fisheries (Serreze & Stroeve, 2019). 

In the UK, research shows that the decline in Arctic ice is leading to more extreme weather 

patterns, such as colder winters and increased flooding (Cohen, Screen, Furtado, Barlow, 

Whittleston, Coumou, Francis, Dethloff, Entekhabi, Overland & Jones, 2020). These changes pose 

significant challenges to agriculture, water management, and urban planning. For instance, the Met 

Office reported a correlation between reduced Arctic ice and the Beast from the East event in 2018, 

which caused severe disruptions (Overland, Dunlea, Box, Corell, Forsius, Kattsov, Olsen, Pawlak, 

Reiersen & Wang, 2019). These examples highlight the interconnected nature of Arctic ice melt 

and its far-reaching impacts on developed economies. 

Developing economies are also experiencing the repercussions of Arctic ice melt, primarily 

through altered weather patterns and rising sea levels. For instance, countries like Bangladesh and 

Vietnam face heightened flood risks due to increased ocean volume from melting ice (Dasgupta, 

Hossain, Huq & Wheeler, 2019). These floods threaten agricultural productivity and livelihoods, 

necessitating significant investments in adaptive infrastructure. Similarly, India has seen 

intensified monsoon seasons and subsequent flooding, impacting millions and leading to 

substantial economic losses (Rajeevan, Unnikrishnan, Bhate & Niranjan Kumar, 2018). 

In Brazil, changing weather patterns attributed to Arctic ice melt have influenced the frequency 

and intensity of droughts in the Northeast, impacting water resources and agricultural output 

(Marengo, Torres & Alves, 2019). These climatic shifts exacerbate socio-economic vulnerabilities, 

demanding robust policy responses. The combined effects of Arctic ice melt on weather extremes 

and sea levels underscore the urgent need for international collaboration in climate mitigation and 

adaptation efforts across developing economies. 

In Indonesia, rising sea levels and increased storm surges threaten coastal communities, fisheries, 

and infrastructure, necessitating significant investments in resilience and adaptation (Syafrina, 

Boer & Sofian, 2019). In the Philippines, changing weather patterns have led to more frequent and 

severe typhoons, disrupting agriculture, displacing communities, and causing substantial economic 

damage (Cinco, De Guzman, Hilario & Wilson, 2016). These climatic changes demand 

comprehensive national policies focused on building climate resilience and disaster preparedness. 

In Thailand, the agricultural sector has been impacted by unpredictable rainfall patterns and 

extended dry seasons linked to Arctic ice melt, affecting rice production and water resource 

management (Chinvanno, 2019). Vietnam's Mekong Delta, a critical region for rice production 

and aquaculture, is particularly vulnerable to sea level rise and saltwater intrusion, threatening 

food security and livelihoods (Anthony, Brunier, Besset, Goichot, Dussouillez & Nguyen, 2015). 

These examples underscore the extensive and multifaceted impacts of Arctic ice melt on 
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developing economies, highlighting the urgency for international climate action and support for 

adaptation measures. 

In Mozambique, rising sea levels and increased cyclone activity, such as Cyclone Idai in 2019, 

have caused widespread destruction, displacing populations, and damaging infrastructure 

(Mavume, Rydberg, Rouault & Lutjeharms, 2009). Similarly, in Madagascar, changing weather 

patterns have led to prolonged droughts in the south, exacerbating food insecurity and water 

shortages (Rakotobe, 2018). These impacts are particularly severe given the limited resources 

available for climate adaptation and disaster response in these regions. 

In Ghana, the coastal regions are experiencing increased erosion and flooding due to rising sea 

levels, affecting communities and economic activities along the coast (Appeaning Addo, Larbi, 

Amisigo & Ofori-Danson, 2018). In Uganda, shifts in rainfall patterns have disrupted agricultural 

cycles, affecting coffee and tea production, which are vital to the national economy (Nsubuga, 

Rautenbach & Scholes, 2014). These examples from Sub-Saharan Africa illustrate the diverse and 

significant effects of Arctic ice melt, emphasizing the need for robust climate adaptation strategies 

and international support for vulnerable regions. 

In Nigeria, rising sea levels threaten coastal communities, with predictions indicating significant 

displacement if current trends continue (Olufemi, Andrew & Joseph, 2019). Additionally, erratic 

weather patterns have led to increased incidences of floods and associated health risks. These 

examples from Sub-Saharan economies illustrate the broader implications of Arctic ice melt, 

highlighting the need for resilient infrastructure and comprehensive climate policies to mitigate 

adverse effects. 

Sub-Saharan Africa is not immune to the impacts of Arctic ice melt, experiencing shifts in weather 

patterns that disrupt traditional agricultural cycles and water availability. For example, countries 

like Kenya and Ethiopia have observed increased frequency of droughts, adversely affecting food 

security and pastoralist communities (Gebrechorkos, Hülsmann & Bernhofer, 2019). These 

climatic changes necessitate adaptation strategies to maintain agricultural productivity and ensure 

water resource management. 

Greenhouse gas emissions, particularly carbon dioxide (CO2) and methane (CH4), are major 

contributors to global warming and subsequent Arctic ice melt. CO2, produced primarily from 

fossil fuel combustion, industrial processes, and deforestation, is the most prevalent greenhouse 

gas, accounting for about 76% of global emissions (IPCC, 2021). Methane, though less abundant, 

is significantly more effective at trapping heat, with a global warming potential 25 times greater 

than that of CO2 over a 100-year period (Shindell, 2019). Methane emissions originate from 

natural sources such as wetlands and anthropogenic sources including agriculture, waste 

management, and fossil fuel extraction (Saunois, Jackson, Bousquet, Poulter & Canadell, 2016). 

These gases contribute to the greenhouse effect, raising global temperatures and accelerating the 

melting of Arctic ice, both in extent and volume. 

The reduction in Arctic ice extent and volume is a direct consequence of rising global temperatures 

driven by increased concentrations of CO2 and CH4 in the atmosphere. As Arctic ice melts, it 

exposes darker ocean surfaces that absorb more solar radiation, further accelerating warming in a 

feedback loop known as the ice-albedo effect (Notz & Stroeve, 2018). This process not only 

reduces ice extent but also diminishes ice volume, as warmer temperatures penetrate deeper into 
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the ice pack, thinning it (Kwok, 2018). Studies have shown that Arctic sea ice volume has declined 

by approximately 72% since 1979, with the lowest extents recorded in recent years (Schweiger, 

Lindsay, Zhang, Steele, Stern & Kwok, 2019). This loss of ice has profound implications for global 

sea levels and weather patterns, underscoring the critical link between greenhouse gas emissions 

and Arctic ice melt. 

Problem Statement 

The rapid increase in greenhouse gas emissions, particularly carbon dioxide (CO2) and methane 

(CH4), poses a significant threat to the Arctic environment, accelerating ice melt rates and 

contributing to global climate change. Recent studies have shown a strong correlation between 

rising concentrations of these gases and the alarming reduction in both the extent and volume of 

Arctic sea ice (Notz & Stroeve, 2018; IPCC, 2021). The Arctic region is warming at more than 

twice the global average rate, leading to profound changes in ice dynamics, ocean circulation, and 

weather patterns (Serreze & Stroeve, 2019). This accelerated melting not only disrupts local 

ecosystems but also has far-reaching implications, including rising sea levels and increased 

frequency of extreme weather events globally (Kwok, 2018). Understanding the precise impact of 

greenhouse gas emissions on Arctic ice melt is crucial for developing effective mitigation and 

adaptation strategies to address the broader consequences of climate change (Schweiger, Lindsay, 

Zhang, Steele, Stern & Kwok, 2019). 

Theoretical Framework 

Greenhouse Gas Theory 

The Greenhouse Gas Theory, originated by Svante Arrhenius in the late 19th century, explains 

how certain gases in the Earth's atmosphere trap heat, leading to a warming effect known as the 

greenhouse effect. This theory is fundamental to understanding climate change, as it elucidates the 

mechanism by which greenhouse gases such as CO2 and CH4 contribute to global warming. In 

the context of Arctic ice melt, this theory is relevant because it directly links the increase in 

greenhouse gas emissions to rising global temperatures, which accelerate the melting of Arctic ice 

(Lacis, Schmidt, Rind & Ruedy, 2019). 

Albedo Effect Theory 

The Albedo Effect Theory, which has been developed over time by various scientists, describes 

how the reflectivity of the Earth's surface impacts its temperature. Albedo refers to the proportion 

of sunlight that is reflected by a surface. Ice and snow have high albedo, meaning they reflect most 

of the solar radiation. As Arctic ice melts and is replaced by darker ocean water, which has a lower 

albedo, more heat is absorbed, further accelerating ice melt. This positive feedback loop is crucial 

for understanding the rapid decline in Arctic ice extent and volume (Notz & Stroeve, 2018). 

Climate Change Attribution Theory 

Climate Change Attribution Theory focuses on identifying the specific causes of observed climate 

changes and attributing these changes to human activities, particularly the emission of greenhouse 

gases. This theory is vital for linking specific climatic events, such as the reduction in Arctic ice, 

to anthropogenic causes. By using advanced climate models and statistical analyses, researchers 

can isolate the impact of greenhouse gas emissions on Arctic ice melt, providing a robust 

framework for this research (Hannart, Pearl, Otto, Naveau & Ghil, 2016). 
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Empirical Review 

Serreze and Stroeve (2019) aimed to understand the variability and trends in Arctic sea ice by 

analyzing satellite data spanning from 1979 to 2018. Their comprehensive study focused on both 

the extent and thickness of the ice, highlighting significant seasonal and interannual variations. 

They discovered that the Arctic ice extent has been declining at a rate of 13.1% per decade, 

particularly noticeable during the summer months. The thickness of the ice has also shown a 

consistent downward trend, indicating not only a reduction in surface area but also a significant 

loss in ice volume. These changes are largely attributed to the increased concentration of 

greenhouse gases such as CO2 and CH4 in the atmosphere, which enhance the greenhouse effect 

and lead to higher temperatures. The researchers emphasized that this accelerated ice melt has 

profound implications for global sea levels, weather patterns, and ecosystems. They recommend 

heightened efforts to reduce greenhouse gas emissions and the implementation of more robust 

climate policies. Additionally, they called for continuous monitoring using advanced satellite 

technologies to better understand and predict future changes. The study's findings underscore the 

urgency of international cooperation in addressing climate change.  

Notz and Stroeve (2018) examined the trajectory towards an ice-free Arctic Ocean using 

observational data and climate models. Their research aimed to project future ice conditions based 

on current emission trends and to assess the likelihood of completely ice-free summers. The results 

indicated a high probability of ice-free Arctic summers within the next few decades if greenhouse 

gas emissions continue at their current rate. The study highlighted the significant role of CO2 and 

CH4 emissions in accelerating ice melt. The researchers used a combination of historical data and 

advanced climate models to predict future scenarios, emphasizing the critical nature of reducing 

emissions to slow down the process. They recommended urgent policy measures to curb emissions, 

highlighting the potential for severe ecological and socio-economic impacts. Their findings also 

pointed to the need for international agreements focused on emission reductions and sustainable 

practices. The study stressed the importance of continuous data collection and model refinement 

to improve future projections. This research adds to the growing body of evidence demonstrating 

the urgent need for action to mitigate the impacts of climate change.  

Kwok (2018) assessed changes in Arctic sea ice thickness and volume using data from the 

CryoSat-2 satellite. His study provided a detailed analysis of ice volume and thickness over recent 

years, revealing a significant reduction in both metrics. Kwok found that the average thickness of 

the ice has decreased substantially, which is consistent with the observed reduction in ice extent. 

This thinning ice is more susceptible to melting, which contributes to a feedback loop that 

accelerates overall ice loss. The study attributed these changes to the increasing levels of 

greenhouse gases, particularly CO2, which enhance the greenhouse effect and raise global 

temperatures. Kwok recommended enhanced monitoring of ice conditions using satellite 

technologies to provide more accurate and timely data. He also suggested that policymakers need 

to focus on reducing greenhouse gas emissions to slow down the rate of ice melt. The findings 

highlight the importance of international cooperation in climate monitoring and mitigation efforts. 

Additionally, the study called for further research to understand the complex interactions between 

greenhouse gases and ice melt. Kwok’s research underscores the critical need for immediate action 

to address climate change and protect the Arctic environment.  
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Liu, Curry, Wang, Song and Horton (2019) investigated the impact of atmospheric methane on 

Arctic ice melt by employing a combination of observational data and climate modeling. The study 

aimed to assess methane’s contribution to Arctic warming and subsequent ice melt. The 

researchers found that increased methane levels significantly enhance ice melt rates due to 

methane’s high global warming potential. The study used data from atmospheric monitoring 

stations and satellite observations to quantify methane emissions and their impact on Arctic 

temperatures. Climate models were then used to simulate the effects of these emissions on ice melt. 

The findings indicated that reducing methane emissions could have a significant impact on slowing 

the rate of ice melt. The researchers recommended stronger controls on methane emissions, 

particularly from fossil fuel extraction and agricultural activities. They also called for international 

cooperation to implement effective methane reduction strategies. The study highlighted the 

importance of addressing all major greenhouse gases, not just CO2, in climate mitigation efforts. 

Liu and colleagues emphasized the need for continuous monitoring and research to better 

understand the role of methane in Arctic warming.  

Polyakov, Walsh and Kwok (2018) examined the impact of warming Arctic temperatures on ice 

thickness by using long-term observational data. The study focused on understanding the changes 

in multiyear sea ice coverage and its likely causes. The researchers found a consistent thinning of 

Arctic ice over the past few decades, with significant reductions in multiyear ice. This trend was 

attributed to increased greenhouse gas emissions, which have led to higher temperatures and 

altered atmospheric patterns. The study used data from various sources, including satellite 

observations, ice buoys, and climate models, to analyze changes in ice thickness. The findings 

highlight the role of greenhouse gas emissions in accelerating ice melt and the importance of 

addressing these emissions to protect Arctic ice. The researchers recommended immediate global 

action to reduce emissions and mitigate the impacts of climate change. They also emphasized the 

need for continuous monitoring and research to improve our understanding of Arctic ice dynamics. 

This study provides valuable insights into the complex interactions between greenhouse gases and 

Arctic ice melt, underscoring the urgency of climate action.  

Screen, Deser and Sun (2018) focused on the interaction between Arctic sea ice loss and 

atmospheric circulation, using climate models and observational data. The study aimed to 

understand how reduced ice extent influences weather patterns in the Northern Hemisphere. The 

researchers found that the loss of Arctic ice can lead to changes in atmospheric circulation, 

resulting in more extreme weather events, such as colder winters and increased precipitation. The 

study utilized data from satellite observations and climate models to analyze the effects of ice loss 

on atmospheric patterns. The findings suggest that Arctic ice melt has far-reaching implications 

beyond the immediate region, affecting global climate systems. The researchers recommended 

integrating these findings into climate policies to better predict and mitigate impacts. They also 

called for enhanced monitoring of atmospheric conditions and ice extent to improve our 

understanding of these interactions. The study highlights the importance of addressing greenhouse 

gas emissions to mitigate the impacts of Arctic ice loss on global weather patterns. This research 

underscores the interconnected nature of climate systems and the need for comprehensive climate 

policies.  

Slater and Lawrence (2018) analyzed the seasonal variability of Arctic ice melt and its connection 

to CO2 levels using satellite observations and climate models. The study aimed to examine 
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changes in seasonal ice patterns and the influence of rising CO2 levels on these changes. The 

researchers found a strong correlation between increasing CO2 levels and increased seasonal 

variability in ice extent. The study utilized data from satellite observations to track changes in ice 

extent and climate models to simulate the effects of CO2 emissions. The findings suggest that 

higher CO2 levels lead to greater seasonal variability, with more pronounced ice loss during 

warmer months. The researchers recommended urgent emission reductions to stabilize Arctic ice 

and prevent further seasonal variability. They also emphasized the need for continuous monitoring 

and research to improve our understanding of these interactions. The study highlights the critical 

role of CO2 emissions in driving Arctic ice melt and the importance of addressing these emissions 

in climate policies. Slater and Lawrence’s research underscores the urgency of reducing 

greenhouse gas emissions to protect the Arctic environment. 

METHODOLOGY 

This study adopted a desk methodology. A desk study research design is commonly known as 

secondary data collection. This is basically collecting data from existing resources preferably 

because of its low cost advantage as compared to a field research. Our current study looked into 

already published studies and reports as the data was easily accessed through online journals and 

libraries. 

RESULTS 

Conceptual Gaps: While the existing studies provide substantial insights into the impact of 

greenhouse gases like CO2 and CH4 on Arctic ice melt, there is a need for more comprehensive 

models that integrate various greenhouse gases' combined effects. Current studies often focus on 

individual gases or their primary impact, overlooking potential synergistic effects when multiple 

gases interact (Liu, Curry, Wang, Song & Horton, 2019). Additionally, more research is required 

to understand the feedback mechanisms in the Arctic environment, such as the albedo effect and 

its interaction with atmospheric circulation patterns (Screen, Deser & Sun, 2018). These 

conceptual gaps limit the ability to predict long-term impacts accurately and devise effective 

mitigation strategies. 

Contextual Gaps: Many studies focus primarily on the direct physical changes in the Arctic, such 

as ice extent and volume reduction (Serreze & Stroeve, 2019; Kwok, 2018). However, there is less 

emphasis on the broader ecological and socio-economic impacts of these changes. For instance, 

the implications of Arctic ice melt on global weather patterns, biodiversity loss, and indigenous 

communities are areas that require further exploration (Notz & Stroeve, 2018). Additionally, there 

is a need for more interdisciplinary research that combines climate science with socio-economic 

studies to develop holistic adaptation and mitigation strategies (Polyakov, Walsh & Kwok, 2018). 

Geographical Gaps: The majority of the research on Arctic ice melt has been conducted in 

specific regions, primarily using data from the Western Arctic and areas easily accessible by 

satellites (Kwok, 2018). There is a geographical gap in understanding the ice dynamics in less-

studied areas of the Arctic, such as the Eastern Siberian and Canadian Arctic regions. These areas 

may have different responses to greenhouse gas emissions due to varying local climatic conditions 

and geographical features (Slater & Lawrence, 2018). Filling these geographical gaps is crucial 

for creating a comprehensive understanding of Arctic ice melt patterns and for developing region-

specific climate models and policies. 
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CONCLUSION AND RECOMMENDATIONS 

Conclusion 

The assessment of the impact of greenhouse gas emissions on Arctic ice melt rates underscores 

the profound and far-reaching consequences of human activities on the environment. Extensive 

research has demonstrated a clear link between increased concentrations of greenhouse gases, 

particularly CO2 and CH4, and the accelerated melting of Arctic ice. This phenomenon is not only 

reducing the extent and thickness of the ice but also contributing to a feedback loop that 

exacerbates global warming through mechanisms such as the albedo effect. The studies reviewed 

highlight the critical need for immediate and sustained efforts to reduce greenhouse gas emissions 

through robust international policies and technological advancements in monitoring and modeling 

climate changes. Additionally, there is a pressing need to address the identified conceptual, 

contextual, and geographical research gaps to develop a comprehensive understanding of Arctic 

ice dynamics and their global implications. Ultimately, mitigating the impact of greenhouse gas 

emissions on Arctic ice melt requires coordinated global action, continued scientific research, and 

the implementation of effective climate strategies to safeguard the Arctic environment and the 

planet as a whole. 

Recommendations 

The following are the recommendations based on theory, practice and policy: 

Theory 

Developing more comprehensive climate models that integrate the synergistic effects of various 

greenhouse gases is crucial for enhancing the theoretical understanding of Arctic ice melt. These 

models should consider the interactions between different greenhouse gases like CO2 and CH4, 

which can provide more accurate predictions of future scenarios (Liu, Curry, Wang, Song & 

Horton, 2019). Additionally, conducting in-depth studies on feedback mechanisms, such as the 

albedo effect and atmospheric circulation changes, will significantly advance theoretical 

frameworks by incorporating the complex interactions between environmental factors (Screen, 

Deser & Sun, 2018). Longitudinal studies that track changes in ice extent, thickness, and volume 

over extended periods are also necessary. Such research will contribute to the theory by identifying 

long-term trends and patterns essential for predicting future changes in the Arctic. 

Practice 

Investing in advanced satellite and remote sensing technologies is essential to provide more 

accurate and timely data on Arctic ice conditions. These technologies will improve practical efforts 

in monitoring and responding to rapid changes in the Arctic environment (Kwok, 2018). Promoting 

interdisciplinary research that combines climate science, ecology, and socio-economics is another 

critical recommendation. This approach will ensure that practical solutions address both the 

environmental and human dimensions of the issue (Notz & Stroeve, 2018). Additionally, 

implementing training programs for scientists and policymakers in developing and utilizing 

advanced climate models and monitoring tools will enhance the practical capabilities of those 

involved in Arctic research and climate policy implementation. 
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Policy 

Formulating and enforcing stringent international policies aimed at reducing greenhouse gas 

emissions, particularly CO2 and CH4, is paramount. Policymakers should prioritize renewable 

energy sources and sustainable practices to mitigate the primary drivers of Arctic ice melt (Serreze 

& Stroeve, 2019). Strengthening international climate agreements to include specific targets for 

Arctic protection and emission reductions is also crucial. These agreements should facilitate 

cooperation among nations, ensuring a unified approach to combating climate change (Notz & 

Stroeve, 2018). Developing adaptive management strategies that can respond flexibly to new data 

and changing conditions in the Arctic is another important recommendation. Policies should be 

designed to incorporate the latest scientific findings and adjust accordingly to effectively manage 

the impacts of ice melt. 
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