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Course Objectives 
Propagation effects induced in the GNSS signal by the terrestrial atmosphere (Neutral Atmosphere 
and Ionosphere) may affect GNSS receiver performances and, if not properly taken into account, 
they may cause large errors in the final position estimate. Several techniques, generally based on the 
use of atmospheric models, are used to compensate pseudorange and carrier phase measurements 
for these effects. On the other hand, knowing GNSS satellites and receiver positions with a high 
degree of accuracy, and compensating for the Ionosphere, we can extract from the Navigation 
Solution the total phase delay experienced by the signal in crossing the Neutral Atmosphere. The 
systematic measurement of this quantity, together with its inversion, opens the door to the remote 
sensing of the Neutral Atmosphere using GNSS. After the theoretical basis which will be 
introduced in the first part of the course and which are necessary to better understand atmospheric 
effects on GNSS signal propagation, several practical topics will then be treated. Solar activity 
inducing ionospheric threats will be analyzed and impacts on GNSS receivers and on GNSS signal 
propagation will be described. After that, GNSS some remote sensing related aspects will be 
treated: measurement of scintillation indexes to evaluate ionospheric perturbances, the GPS Radio 
Occultation Technique for the extraction of temperature, pressure and humidity vertical profiles 
from observations carried out from a Low Earth Orbit satellite, a GNSS tomography for the three 
dimensional characterization of water vapour fields. 
The Earth’s surface can also be monitored processing the GNSS radiation scattered off by land and 
oceans. In particular ocean altimetry, ocean surface winds retrieval, ice monitoring, soil moisture 
content determination are the possible applications. The basic concepts of this innovative remote 
sensing technique will be introduced in the last part of the course. 
 
 
 
Course Syllabus 
 
Part 1. The Terrestrial Atmosphere: physics and effects on RF propagation 
 Physics of the Ionosphere 
 Physics of the Neutral Atmosphere 
 Propagation effects induced by the terrestrial atmosphere on Satellite Navigation signals 
 Techniques for the compensation of propagation effects 
 
Part 2. Impact of Solar activity on Ionosphere and on GNSS systems 
 Physics of the problem and examples 
 Amplitude and Phase Scintillation Indexes: definition and examples 
 Impact on GNSS receivers 
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Part 3. Remote sensing of the atmosphere using GNSS data collected from space 
 Main GNSS observables and techniques for their extraction from pseudorange and carrier phase 

observations 
 GNSS Radio Occultation: extraction of atmospheric profiles from GNSS measurements carried 

out from Low Earth Orbiting Satellites 
 
Part 4. Remote sensing of the atmosphere using GNSS data collected from ground 
 Main GNSS observables and techniques for their extraction from pseudorange and carrier phase 

observations 
 Integrated Water Vapour and Precipitable Water evaluation 
 Tomographic reconstruction of the three dimensional distribution of water vapour. 

 
Part 5. Surface Remote Sensing through GNSS Reflectometry 
 GNSS reflectometry receiving systems and measurements resolution 
 Monitoring applications of GNSS reflectometry 
 


