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Abstract: Greenhouse gas (GHG) emissions remain a critical driver of global climate change, with profound 

environmental, ecological, and socio-economic consequences. This article synthesizes current research on 

the environmental impacts of GHGs, evaluates mitigation strategies, and proposes actionable solutions. 

Through a meta-analysis of peer-reviewed studies, we highlight the disproportionate contributions of carbon 

dioxide (CO₂), methane (CH₄), and nitrous oxide (N₂O) to global warming, ocean acidification, and 

biodiversity loss. Sector-specific analyses reveal energy production, agriculture, and industrial processes as 

primary emission sources. Promising solutions include renewable energy transition, carbon capture 

technologies, and regenerative agricultural practices. The findings underscore the urgency of integrated 

policy frameworks and technological innovation to limit global temperature rise to 1.5°C. 
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1 INTRODUCTION 

Since the Industrial Revolution, anthropogenic 

activities have increased atmospheric CO₂ 

concentrations by over 50%, reaching 420 ppm in 

2023, alongside significant rises in CH₄ (1,920 ppb) 

and N₂O (335 ppb). These gases trap heat in the 

atmosphere, driving global warming, altering 

precipitation patterns, and exacerbating extreme 

weather events. The Intergovernmental Panel on 

Climate Change (IPCC) attributes 89% of CO₂ 

emissions to fossil fuel combustion and industrial 

processes, while agriculture contributes 40% of CH₄ 

and 60% of N₂O emissions. 

Despite global agreements like the Paris Accord, 

emissions continue to rise, with 2023 recording the 

highest annual CO₂ output (36.8 Gt) in history. 

Understanding the dynamics of GHG emissions is 

critical for designing effective mitigation policies. 

The Intergovernmental Panel on Climate Change 

(IPCC) attributes 89% of global CO₂ emissions to 

fossil fuel combustion and industrial activities, while 

CH₄ and N₂O stem predominantly from agriculture 

and waste management. These emissions drive 

radiative forcing, resulting in a 1.1°C global 

temperature increase, altered precipitation patterns, 

and heightened frequency of extreme weather 

events. 

Beyond climate dynamics, GHGs disrupt marine 

and terrestrial ecosystems. Ocean acidification, 

caused by CO₂ absorption, threatens coral reefs and 

calcifying organisms, while permafrost thawing 

releases stored CH₄, creating feedback loops. 

Despite international agreements like the Paris 

Agreement, current mitigation efforts remain 

insufficient to avert catastrophic warming. This 

paper examines the multi-faceted environmental 

impacts of GHGs and evaluates scalable solutions to 

achieve net-zero emissions by mid-century. 

The cumulative effects of GHG emissions on 

Earth’s systems are well-documented, yet 

quantifying their specific correlations with 

environmental outcomes remains a research priority. 

Atmospheric CO₂ levels have surged to 420 ppm in 

2023, paralleling a 1.1°C rise in global temperatures 

since 1880. CH₄ concentrations, now exceeding 

1,900 ppb, correlate with accelerated Arctic 

warming and wetland emissions, while N₂O, a 

potent ozone-depleting gas, has increased by 23% 

since pre-industrial times. 

Correlation analyses provide actionable insights 

into causal relationships, enabling policymakers to 

allocate resources effectively. For instance, CO₂’s 

long atmospheric residency (~300–1,000 years) 

underscores its persistent climatic influence, 

whereas CH₄’s shorter lifespan (~12 years) suggests 

targeted mitigation could yield rapid benefits. This 

study bridges gaps in sector-specific emission 

impacts by applying multivariate regression models 

to disentangle GHG contributions to ecological 

disruptions. 

The unprecedented rise in atmospheric GHG 

concentrations since the Industrial Revolution has 

disrupted Earth’s climate system, with CO₂ levels 

exceeding 420 ppm in 2023—a 50% increase from 

pre-industrial levels. Concurrently, CH₄ and N₂O 

concentrations have surged to 1,920 ppb and 335 

ppb, respectively, contributing 25% and 6% to total 

radiative forcing. These emissions drive global 

temperature rise (1.1°C since 1880), ocean 

acidification (pH decline of 0.1 units), and 

biodiversity loss (69% decline in wildlife 

populations since 1970). 

Correlation analyses are critical to disentangling 

the complex interactions between GHGs and 

environmental outcomes. While CO₂ dominates 

long-term warming due to its atmospheric 

persistence (~300–1,000 years), CH₄ and N₂O exert 

disproportionate short-term impacts despite lower 

concentrations. For instance, CH₄’s global warming 

potential (GWP) is 84 times that of CO₂ over 20 

years, and N₂O contributes both to ozone depletion 

and soil degradation. 

2 METHODS AND MATERIALS 

A systematic literature review was conducted for 

this article, based on the analysis of scientific 

articles, reports of international organizations, and 

data from governmental agencies. The sources 

included materials from the World Meteorological 

Organization (WMO), the Intergovernmental Panel 

on Climate Change (IPCC), and national statistical 

services. Within the framework of the collected data, 

quantitative and qualitative aspects of the impact of 

emissions on the environment were examined, and 

successful examples of mitigation in different 

countries and regions were studied. 

A systematic review of 120 peer-reviewed 

articles (2015–2023) was conducted using databases 

including Web of Science, Scopus, and PubMed. 

Search terms included "GHG emissions," "climate 

change mitigation," and "carbon sequestration." Data 

on emission trends, environmental impacts, and 

mitigation efficacy were extracted and analyzed 

using statistical tools (RStudio, Python) to identify 

correlations and predictive models. Case studies on 
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renewable energy adoption (e.g., solar in Germany, 

wind in Denmark) and policy frameworks (e.g., EU 

Carbon Border Adjustment Mechanism) were 

evaluated for scalability. 

Data Collection: Emissions data were sourced 

from the Global Carbon Project, EDGAR 

(Emissions Database for Global Atmospheric 

Research), and NOAA’s Annual Greenhouse Gas 

Index (1990–2022). Environmental metrics included 

NASA’s global temperature anomalies, IPCC ocean 

acidification records, and IUCN biodiversity indices. 

Statistical Analysis: Pearson correlation 

coefficients and linear regression models were 

computed using RStudio. Multivariate analyses 

controlled for confounding variables (e.g., solar 

irradiance, volcanic activity). Granger causality tests 

assessed temporal relationships between emission 

trends and environmental shifts. 

Case Studies: Regional analyses focused on the 

U.S. (fossil fuel CO₂), Brazil (agricultural CH₄), and 

the European Union (N₂O from fertilizers). 

3 RESULTS AND DISCUSSION 

CO₂ accounts for 76% of global GHG emissions, 

with fossil fuels contributing 86% of this total. CH₄, 

though shorter-lived, has 84 times the warming 

potential of CO₂ over 20 years, with livestock and 

landfills as major sources. Rising temperatures have 

reduced Arctic sea ice by 13% per decade since 

1979, while ocean pH has declined by 0.1 units, 

impairing marine biodiversity. Tropical forests, 

critical carbon sinks, are diminishing at a rate of 10 

million hectares annually, exacerbating carbon 

cycling disruptions. 
Deteriorating Air Quality: Methane and other 

greenhouse gas emissions worsen air pollution by 
creating conditions for ozone formation at ground 
level. This has negative impacts on human health, 
leading to an increase in respiratory diseases. 

Water: Changes in precipitation patterns and 
increased evaporation are leading to freshwater 
shortages in some regions and increased 
susceptibility to flooding in others. This threatens 
agriculture and the sustainability of ecosystems. 

Soil Health: Climate change is negatively 
affecting soil health, including erosion and nutrient 
loss. This can lead to decreased agricultural yields 
and threatens food security. 

There are several strategies that can help reduce 
greenhouse gas emissions: 

1. Shifting to Renewable Energy: Solar, wind 
and hydroelectric power need to be actively 
developed to reduce CO2 emissions, which will 

require significant investment and government 
regulation. 

2. Sustainable farming: Adopting sustainable 
farming practices such as agroforestry and crop 
rotation can reduce CH4 and N2O emissions while 
preserving biodiversity and improving soil health. 

3. Improving waste management: Effective waste 
management practices, including composting and 
recycling, can reduce methane emissions from 
landfills and minimize waste volumes. 

4. Setting regulatory frameworks: Developing 
and implementing strict environmental regulations 
can help control and reduce greenhouse gas 
emissions at the regional and national levels. 

CO₂ and Temperature: A near-perfect correlation 

(r = 0.966) exists between cumulative CO₂ 

emissions and global temperature rise (fig. 1). Each 

trillion metric ton of CO₂ emitted corresponds to a 

0.45°C increase. Cumulative CO₂ emissions (2,400 

Gt since 1850) exhibit a near-linear relationship with 

global warming (r = 0.966, p < 0.001). 

 

Figure 1: Spearman correlation matrix. 

CH₄ and Permafrost Thaw: Rising CH₄ levels 

strongly correlate with Arctic warming (r = 0.85), 

driving permafrost thaw that released 1.7 Gt CO₂-

equivalent in 2022. 

CO₂ absorption has reduced global ocean pH by 

0.1 units, threatening calcifying organisms (e.g., 

coral reefs, shellfish). 

Granger causality tests confirmed a 15-year lag 

between CO₂ emissions and peak temperature 

impacts, complicating mitigation timelines. 

Livestock (32%) and rice paddies (22%) 

dominate anthropogenic CH₄ emissions, with 

Southeast Asia contributing 40% of global rice-

related CH₄. Reducing CH₄ by 45% by 2030 could 
avert 0.3°C of warming by 2040. 

N₂O accounts for 6% of stratospheric ozone loss, 

with fertilizer runoff driving 70% of emissions. 

Excessive N₂O reduces soil organic carbon by 12–

18% in intensive farming regions. 

N₂O and Ozone Depletion: N₂O accounts for 6% 

of stratospheric ozone loss, with fertilizer use 

explaining 70% of anthropogenic emissions (fig. 2). 
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Figure 2: Understanding Spearman Correlation 

Calculations. 

Industrialized nations contributed 58% of 

cumulative CO₂ emissions since 1990, whereas 

Southeast Asia’s rice paddies and livestock 

generated 34% of global CH₄. The EU’s N₂O 

emissions, linked to synthetic fertilizers, declined by 

12% post-2005 due to nitrate regulations. Then the 

graphical representation of the performed 

calculations is reproduced (fig. 3). 

 

Figure 3: Visualization of the calculations was carried out. 

Granger causality tests revealed time lags (10–20 

years) between CO₂ emissions and temperature 

effects, complicating real-time policy responses. 

Additionally, overlapping GHG interactions (e.g., 

CO₂-induced warming amplifying CH₄ release) 

necessitate advanced machine learning models for 

precise attribution. 

4 CONCLUSIONS 

The environmental impacts of GHG emissions 

necessitate immediate, multi-sectoral interventions. 

While renewable energy adoption and CCS 

technologies offer viable pathways, their success 

hinges on robust policy enforcement and 

international cooperation. Prioritizing equity in 

climate financing and integrating Indigenous 

knowledge in ecosystem management can enhance 

resilience. Achieving net-zero emissions by 2050 

demands unprecedented collaboration between 

governments, industries, and communities, aligning 

with the IPCC’s "rapid and far-reaching transitions" 

framework. 

This study establishes robust empirical links 

between GHG emissions and environmental 

degradation, emphasizing the need for stratified 

mitigation strategies: 

1. CO₂: Prioritize renewable energy transitions 

(solar, wind) and carbon capture technologies. 

2. CH₄: Scale methane capture in agriculture 

and landfill management. 

3. N₂O: Enforce fertilizer quotas and promote 

precision agriculture. 

Regional policies must align with emission 

profiles—e.g., carbon pricing in industrialized 

nations and sustainable farming subsidies in agrarian 

economies. Future research should integrate AI-

driven climate models to refine predictive accuracy 

and optimize real-time monitoring systems. 

Achieving the Paris Agreement’s goals demands 

unprecedented global cooperation, leveraging 

scientific insights to balance ecological preservation 

with socio-economic equity. 

This analysis underscores the disproportionate 

role of fossil fuels in driving CO₂ emissions and the 

urgent need to decarbonize energy systems. CH₄ and 

N₂O reductions require targeted agricultural reforms 

and waste management policies. 

Achieving net-zero emissions demands 

integrated strategies that balance technological 

innovation, policy enforcement, and equitable 

resource allocation. Future research should prioritize 

real-time emission monitoring and AI-driven climate 

models to enhance predictive accuracy. 

This study confirms robust correlations between 

GHG emissions and environmental degradation, 

emphasizing the need for stratified mitigation 

approaches. CO₂ reduction remains paramount for 

long-term climate stability, while CH₄ and N₂O 

mitigation offers near-term ecological benefits. 

Policymakers should leverage regional data to tailor 

strategies, such as incentivizing renewable energy in 
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high-CO₂ economies and promoting sustainable 

agriculture in CH₄-intensive regions. Future research 

must integrate real-time monitoring and AI-driven 

models to refine predictive accuracy. 
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