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Effect magnitude (deg / dB)

Effect magnitude (deg / dB)
o w

Station: Tehran (35.7° N, 51.4° E) — Year 2022

BN K band (14 GHz)
= Ka band (30 GHz)

3.60

Station: Bandar Abbas (27.2° N, 56.3° E) — Year 2022

B «u band (14 GHz)
= Ka band (30 GHz)
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Satellite signal propagation in high-frequency bands such as Ku and Ka
is heavily influenced by atmospheric phenomena in the ionosphere and
troposphere. In this study, the simultaneous effects of the ionosphere
(Faraday rotation and phase shift) and precipitation (signal attenuation)
on space communication links are comparatively evaluated across two
geographical regions with distinct climatic and latitudinal characteristics
(Tehran and Bandar Abbas). To this end, data from the International
Reference lonosphere (IRI) model, the International Geomagnetic
Reference Field (IGRF-YY) model, and ERA® atmospheric reanalysis
data, along with International Telecommunication Union (ITU-R)
standard recommendations, were utilized. The results indicate that in the
Ku band, ionospheric phase shift and Faraday rotation contribute
significantly to signal degradation; specifically, the annual mean
ionospheric phase shift in Bandar Abbas was evaluated to be more than
twice that of Tehran due to its proximity to the ionospheric equatorial
anomaly. As the frequency ascends to the Ka band, ionospheric effects
are sharply attenuated, whereas tropospheric rain attenuation becomes
the dominant governing factor of power loss. The findings of this
comparative evaluation prove the necessity of employing polarization
correction systems in the Ku band for the southern regions of the country,
while demonstrating that in the Ka band, link margin design must
primarily rely on the local instantaneous precipitation intensity statistics.

Keywords: lonosphere, Troposphere, Microwave Wave Propagation,
Faraday Rotation, Ku and Ka Bands, Rain Attenuation.
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