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Abstract

In recent years, the profound impacts of global warming and large-scale climate changes have dramat-
ically increased the frequency and severity of climate-related disasters, affecting over 1.5 billion people
worldwide. Numerous challenges, such as critical gaps in climate observing networks, continue to hinder
the provision of robust Earth observations, effective early warning systems, and comprehensive climate
services. As climate change intensifies, its detrimental impacts are projected to become increasingly severe,
with potentially irreversible influences on human and natural systems. This emphasizes an urgent need
for enhanced climate monitoring and risk assessment within a rapidly narrowing window of opportunity
for proactive intervention.

Modern weather and climate monitoring rely on a global network of Earth observation systems, com-
prising in-situ and satellite-based systems. Satellite Earth observing techniques stand out for their un-
paralleled global coverage and comprehensive capabilities, enabling the monitoring of essential climate
variables (ECVs) and the detailed tracking and analysis of extreme events. Originally designed for Posi-
tioning, Navigation, and Timing (PNT), Global Navigation Satellite Systems (GNSS) have now evolved
into powerful tools for atmospheric monitoring. Decades of innovative advancements have established
GNSS as a significant complement to dedicated Earth observation satellites, significantly contributing to
climate research and Earth observation.

This presentation includes three main parts: Firstly, we will provide a comprehensive analysis of util-
ising GNSS atmospheric parameters in monitoring climate change fingerprints. This includes determining
and analysing maximum, minimum, diurnal, monthly, and annual mean values of GNSS data, as well
as examining their behaviour across diverse climatic zones. Secondly, we will showcase some advanced
methods for the early warning and assessment of climate risks, leveraging GNSS atmospheric parameters
as key indicators. Lastly, we will present the current barriers and future opportunities for utilising GNSS
atmospheric monitoring in climate applications. Collectively, these advanced practices not only enhance
the reliability and accuracy of climate change analysis and climate risk assessments but also highlight the
foundational strength and transformative potential of GNSS as a complementary satellite Earth observ-
ing technique, to advance atmospheric monitoring, address challenges associated with climate change and
support sustainable and effective climate strategies.



