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Abstract
Global climate change, driven largely by greenhouse gas (GHG) emissions, poses significant challenges to 

ecosystems, human health, and economies. Monitoring GHG concentrations and temperature anomalies is essential to 
understanding the dynamics of climate trends, assessing the impacts of emissions, and predicting future environmental 
conditions. This paper examines the current methodologies and technologies employed to monitor GHG emissions 
and temperature anomalies on a global scale, highlighting satellite-based remote sensing, atmospheric sampling, and 
climate models. The analysis reveals the close correlation between rising concentrations of GHGs, particularly carbon 
dioxide (CO2), methane (CH4), and nitrous oxide (N2O), and global temperature anomalies. Case studies, including 
data from global monitoring networks and climate models, demonstrate how these variables interact and contribute to 
observed temperature shifts. This paper also discusses the implications of these trends for climate policy, emphasizing 
the need for integrated monitoring systems to inform mitigation and adaptation strategies. Through a comprehensive 
review, this study underscores the importance of continuous monitoring to enhance global climate resilience and guide 
international efforts to limit warming to 1.5°C above pre-industrial levels.
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Introduction
Over the past century, the planet has experienced unprecedented 

changes in climate patterns, largely driven by the increasing 
concentration of greenhouse gases (GHGs) in the atmosphere. Human 
activities, particularly the burning of fossil fuels and deforestation, 
have led to an increase in the levels of carbon dioxide (CO2), methane 
(CH4), nitrous oxide (N2O), and other trace gases. These gases trap heat 
within the Earth’s atmosphere, contributing to the greenhouse effect 
and resulting in higher global temperatures. Temperature anomalies, 
or deviations from historical temperature averages, have become a key 
indicator of climate change.

Understanding the relationship between GHGs and temperature 
anomalies is vital for predicting future climate scenarios and informing 
policy decisions aimed at mitigating the impacts of global warming. 
Accurate and reliable monitoring of GHGs and temperature anomalies 
is essential for tracking the progress of climate change and evaluating 
the effectiveness of international climate agreements such as the Paris 
Agreement. Monitoring systems that utilize satellite-based remote 
sensing, atmospheric data, and advanced climate models have 
significantly improved our ability to measure and predict climate 
trends [1].

This paper explores the monitoring of GHG emissions and 
temperature anomalies, examining their global trends and the 
implications for future climate change. We will assess how the 
monitoring of these variables has evolved over time, the methodologies 
used to collect and analyze the data, and the role of international 
monitoring frameworks in understanding climate change [2].

Results
The relationship between GHG concentrations and temperature 

anomalies has been well-documented in recent decades. Numerous 
studies indicate that as GHG concentrations continue to rise, 
global temperatures also rise, with some regions experiencing more 

pronounced warming than others. According to data from the Mauna 
Loa Observatory in Hawaii, CO2 levels have increased from about 315 
ppm (parts per million) in 1958 to over 415 ppm in 2021. This increase 
is closely linked to global temperature anomalies, with the Earth's 
average temperature having risen by approximately 1.2°C since the late 
19th century [3].

Satellite data has provided critical insights into global 
temperature trends. Instruments such as the Advanced Very High-
Resolution Radiometer (AVHRR), the Moderate Resolution Imaging 
Spectroradiometer (MODIS), and the European Space Agency’s 
Copernicus Sentinel satellites have contributed to the continuous 
monitoring of Earth's surface temperatures. These data reveal a clear 
upward trend in global temperatures, particularly since the 1980s. 
Anomalies in global temperature patterns have become increasingly 
evident, with regions like the Arctic experiencing warming at rates 
nearly three times the global average.

In addition to temperature anomalies, atmospheric measurements 
of GHGs play a crucial role in understanding climate dynamics. 
Remote sensing instruments such as NASA's Atmospheric Infrared 
Sounder (AIRS) and the European Space Agency's SCIAMACHY 
(Scanning Imaging Absorption Spectrometer for Atmospheric 
Cartography) provide valuable data on the distribution of GHGs across 
the globe. These instruments have helped to map CO2, CH4, and N2O 
concentrations with high spatial and temporal resolution. Satellite 
data, combined with ground-based measurements from monitoring 
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information, facilitating more inclusive discussions on climate action 
[8].

Despite the advancements in monitoring technology, several 
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