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MONITORING MAJOR GHG EMISSIONS IN KSA USING HYPERSPECTRAL DATA

Abstract

Abstract

The management of greenhouse gases (GHGs) emissions is a critical challenge to climate
change mitigation, yet traditional ground-based monitoring methods are constrained by limited
spatial and temporal coverage. Spaceborne hyperspectral sensors, such as the Earth Surface
Mineral Dust Source Investigation (EMIT; approximately 60m spatial resolution, 7-10nm
spectral sampling) and Tanager-1 (approximately 30 m spatial resolution, 5nm spectral sam-
pling), provide extensive high-resolution observations that facilitate the detection of GHGs
plumes over vast regions. In this study, two years of plume detection data from EMIT and
more recent Tanager-1 data collected over Saudi Arabia were analysed to quantify carbon
dioxide (COz) and methane (CHy) emissions. Emission estimates (kg/hr) were derived using a
spectral matched-filter retrieval method that isolates GHGs absorption features from reflected
solar radiance. Subsequently, the emission rates were aggregated across operational sites, fa-
cilities defined by the Intergovernmental Panel on Climate Change (IPCC) sector codes and
rounded geographic coordinates, to determine sectoral contributions.

For COg, the Electricity Generation (1A1) sector averaged approximately 9.46x10° kg/hr
over 178 detections, the Oil & Gas (1B2) sector averaged about 2.48x10° kg/hr based on 2
detections, and the “Other” category averaged roughly 9.35x10° kg/hr from 25 detections.
For CHy, a single detection in the Electricity Generation (1A1) sector yielded approximately
6.05x10% kg/hr, the Oil & Gas (1B2) sector averaged approximately 2.64x10% kg/hr over 10
detections, and the Solid Waste (6A) sector averaged about 3.35x 103 kg/hr from 25 detections.

Temporal analysis indicated that the Electricity Generation (1A1) sector reached its highest
CO, flux in April 2023 (2.47x107 kg/hr), while the Oil & Gas (1B2) and “Other” sectors peaked
in April 2024 (4.96x10° kg/hr) and August 2024 (5.70x10° kg/hr), respectively. For CHy, the
Oil & Gas (1B2) and Solid Waste (6A) sectors recorded their maximum emissions in August
2023 at 1.04x10* kg/hr and 1.21x10% kg/hr, respectively.

The findings underscore the differential contributions of various source sectors to Saudi
Arabia’s GHGs budget and demonstrate that satellite-based plume monitoring can capture
both routine and episodic high-emission events, offering valuable insights for guiding targeted



mitigation in arid environments. However, this preliminary assessment is limited by the low
sensor revisit time, which may affect the capture of transient emission events.



