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Global warming, Introduction

Environmental management, Methane (CHas) is the second most significant greenhouse gas contributing to
Emission measurement, Gas anthropogenic global warming after carbon dioxide (CO:). Due to its high global
Sensors warming potential and shorter atmospheric lifetime compared to CO:, controlling and
mitigating its emissions is a major challenge in environmental policies and climate
change mitigation efforts. Approximately 75% of methane emissions originate from
human activities, primarily in agriculture (livestock farming and rice cultivation), waste

management (organic waste decomposition and landfills), and the oil and gas industry

(extraction, transportation, and storage of fossil fuels). Accurate and comprehensive
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15 Feb 2025 methane monitoring is essential for identifying major emission sources, developing

effective mitigation strategies, and implementing regulatory policies. Methane
Revised monitoring methods are generally categorized into two main approaches: bottom-up
evised:

15 Mar 2025 monitoring, which assesses emissions through localized measurements and source-
specific data modeling, and top-down monitoring, which relies on satellite observations,
atmospheric measurements, and large-scale modeling to estimate emissions. This

Accepted:
20 Apr 2025 study aims to review and analyze various bottom-up monitoring methods, assess their

advantages and limitations, and highlight their role in reducing methane emissions and
improving environmental management.
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Materials and Methods

This study is a systematic review that explores the theoretical and practical foundations of bottom-up
monitoring, categorizing it into five major approaches: (1) direct on-site emission measurements, (2)
indirect estimations and empirical modeling, (3) sensor networks and localized monitoring systems,
(4) laboratory studies, and (5) sampling techniques and chemical analysis. The research examines
the latest scientific advancements and authoritative studies, analyzing the advantages, limitations,
and technical constraints of each bottom-up monitoring method. Additionally, the potential for
integrating bottom-up monitoring with top-down approaches is explored to develop more precise

and comprehensive methane emission assessment models.

Results and Discussion

Findings indicate that bottom-up monitoring is one of the most accurate methods for identifying
and quantifying methane emission sources. By utilizing advanced sensors and innovative direct
measurement techniques, this approach enables high-resolution spatial and temporal tracking of
emissions, thereby reducing uncertainties in global emission models. Furthermore, data obtained
from bottom-up monitoring enhances the validation and comparability of methane emission models,
providing a stronger foundation for climate policy development. However, this approach faces
several challenges, including high implementation costs, spatial and geographical limitations, the
requirement for specialized equipment, and the need for standardized measurement protocols, which

may hinder large-scale applications.

Conclusion

Overall, bottom-up monitoring is a crucial tool for environmental management and greenhouse
gas emission control, offering valuable data for policymakers, regulatory agencies, and research
institutions. This approach supports environmental organizations and emission-intensive industries in
implementing targeted and efficient emission reduction programs. However, its inherent limitations
necessitate integration with top-down approaches to achieve a more precise and comprehensive
understanding of methane emissions at local, regional, and global scales. The synergy between these
two monitoring strategies enhances estimation accuracy, reduces data uncertainties, and provides
a scientifically robust basis for policy formulation and methane mitigation efforts. Ultimately,
advancements in measurement techniques, the development of high-precision monitoring
technologies, and the standardization of monitoring processes will be pivotal in effective methane

emission management and climate change mitigation.
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