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Abstract

Sand and dust storms present significant challenges to microwave and millimeter-wave propagation, directly impacting
communication systems. Despite the existence of various theoretical and analytical models for predicting dust storm
attenuation, many have overlooked the crucial factor of humidity. This study had conducted a year-long monitoring of
visibility, humidity, and received signal levels for two microwave links operating at 14 GHz and 22 GHz in Khartoum, Sudan.
The percentage variation in visibility during a dust storm is 95%, and the percentage variation in humidity is 78%, as the
received signal level varies from -42.17 dB to -82 dB. The research unveils a notable correlation between fluctuations in
humidity and the complex permittivity of sand and dust particles. Furthermore, this study proposes an empirically developed
prediction model for sand and dust storm attenuation, surpassing existing models by incorporating both visibility and
humidity data. In contrast to models that solely rely on measured visibility and neglect humidity, this research methodology
takes into account both of these measured parameters during dust storms to predict attenuation at any desired frequency.
The model's performance is validated through measurements at 14 GHz, 22 GHz, and 40 GHz, demonstrating robust
agreement with the collected data. This comprehensive model provides a more accurate representation of the complex
weather conditions during sand and dust storms, enhancing the readability of microwave links design by accurate prediction
and mitigation of their impact on communication systems. © 2013 IEEE.

Author Keywords
complex permittivity; micro and millimeter wave propagation; Sand and dust storm attenuation; terrestrial communication;
visibility and humidity

Index Keywords

Atmospheric humidity, Dust, Forecasting, Millimeter waves, Permittivity, Sand, Visibility, Wave propagation;

Y%moisture, Atmospheric measurement, Attenuation, Complex permittivity, Dust storm, Humidity measurements, Micro and
millimeter wave propagation, Millimeter wave propagation, Sand and dust storm attenuation, Sand storms, Storm
attenuation, Terrestrial communication, Visibility and humidity; Storms

References

« Olyaee, M., Eslami, M., Navaie, K., Romero-Jerez, J.M., Hashemi, H., Haghighat, J.,
Bahmanpour, M.
The effect of sand and dust storms (SDSs) and rain on the performance of cellular
networks in the millimeter wave band
(2023) IEEE Access, 11, pp. 69252-69262.

« Abuhdima, E., Huang, C.-T., Pisu, P., Comert, G., Liu, J., Zhao, C., Chambers, F., Nazeri,
A.H.
Propagating uniform millimeter wave in dust and sand storm
(2023) IEEE J. Radio Freq. Identificat., 7 (1), pp. 364-370.
Aug

« Zubair M Shamim, M., Elsheikh, E.A.A., Salih, F.E.M.S., Islam, M.R.
Dust storm attenuation modeling based on variations of microwave signals with
visibility and humidity measured in Sudan
(2021) IEEE Acssess, 9, pp. 164632-164642.



« Elsheikh, E.A.A., Rafiqul, I.M., Habaebi, M.H., Zyoud, A., Suliman, F.E.M., Eltahir, E.I.,
Amin, N.W.
Effect of dust storm intensity variations on total path attenuation prediction
(2022) IEEE Trans. Antennas Propag., 70 (4), pp. 2884-2890.
Apr

« Elsheikh, E.A.A., Islam, M.R., Habaebi, M.H., Ismail, A.F., Zyoud, A.
Dust storm attenuation modeling based on measurements in Sudan
(2017) IEEE Trans. Antennas Propag., 65 (8), pp. 4200-4208.

Aug

« Ahmed, A., Ali, A., Alhaider, M.
Airborne dust size analysis for tropospheric propagation of millimetric waves into
dust storms
(1987) IEEE Trans. Geosci. Remote Sens., GE-25 (5), pp. 593-599.
Sep

+« Goldhirsh, J.
Attenuation and backscatter from a derived two-dimensional dust storm model
(2001) IEEE Trans. Antennas Propag., AP-49 (12), p. 1703.
Dec

« Dong, X.-Y., Chen, H.-Y., Guo, D.-H.
Microwave and millimeter-wave attenuation in sand and dust storms
(2011) IEEE Antennas Wireless Propag. Lett., 10, pp. 469-471.

« Sharif, S.M.
Attenuation properties of dusty media using Mie scattering solution
(2015) Prog. Electromagn. Res. M, 43, pp. 9-18.

+« Chen, H.-Y., Ku, C.-C.
Calculation of wave attenuation in sand and dust storms by the FDTD and turning
bands methods at 10-100 GHz
(2012) IEEE Trans. Antennas Propag., 60 (6), pp. 2951-2960.
Jun

« Elshaikh, Z.E.O., Islam, M.R., Khalifa, O.0., Abd-EI-Raouf, H.E.
Mathematical model for the prediction of microwave signal attenuation due to
duststorm
(2009) Prog. Electromagn. Res. M, 6, pp. 139-153.

+« Mohamed, E.I.E., Elsheikh, E.A.A., Babiker, A.A., Rafiqul, .M., Habaebi, M.H., Abdulla,
A.H., Saad, E.
Effects of humidity on sand and dust storm attenuation predictions based on 14
GHz measurement
(2021) TELKOMNIKA (Telecommun. Comput. Electron. Control), 19 (2), p. 364.
Apr

« Ghobirial, S.1.
Effect of hydroscopic water on dielectric constant of dust at X-band
(1980) Electron. Lett., 16 (10), p. 393.

« Eltahir, E.I., Elfatih Elsheikh, A.A., Babiker, A.A., Bilal, K.H.
10 GHz investigation of Sudanese dust event particles characteristics
(2019) Proc. Int. Conf. Comput., Control, Electr., Electron. Eng., pp. 1-6.
khartoum, Sudan, Sep

« Csavina, J., Field, J., Félix, O., Corral-Avitia, A.Y., Saez, A.E., Betterton, E.A.
Effect of wind speed and relative humidity on atmospheric dust concentrations in
semi-arid climates



(2014) Sci. Total Environ., 487, pp. 82-90.
Jul

« Sharif, S.
Chemical and mineral composition of dust and its effect on the dielectric constant
(1995) IEEE Trans. Geosci. Remote Sens., 33 (2), pp. 353-359.
Mar

+« Musa, A., Sena Paul, B.
Dust particles' permittivity in microwave signal propagation: A review
(2020) J. Commun., 15 (1), pp. 38-44.
Jan

« Leelamanie, D.
Changes in soil water content with ambient relative humidity in relation to the
organic matter and clay
(2011) Tropical Agricult. Res. Extension, 13 (1), p. 6.
Jun

« Ansari, A.J., Evans, B.G.
Microwave propagation in sand and dust storms
(1982) IEE Proc. F Commun., Radar Signal Process., 129 (5), p. 315.

« Tahabal-Hafid, H., Vishvakarma, B.R.
Complex dielectric constant of sand and dust particeles at 11GHz as a function of
moisture content
(1985) Indian J. Radio Space Phys., 14, pp. 21-24.
May

« Xi, Y., Ma, Q., Xie, L.
Microwave attenuation in wireless link caused by sand and dust storms
(2022) IEEE Antennas Wireless Propag. Lett., 21, pp. 2457-2461.

« Lasne, Y., Paillou, P.,, Freeman, A., Farr, T., McDonald, K.C., Ruffie, G., Malezieux, J.-M.,
Demontoux, F.
Effect of salinity on the dielectric properties of geological materials: Implication for
soil moisture detection by means of radar remote sensing
(2008) IEEE Trans. Geosci. Remote Sens., 46 (6), pp. 1674-1688.
Jun

« E. Elfatih, A.AA., Md. Rafiqul, I., Habaebi, M.H., Eltahir, E.I., Suliman, F.M.
Development of an emperical model for dust storm attenuation prediction
(2019) Proc. Int. Conf. Comput., Control, Electr., Electron. Eng. (ICCCEEE), pp. 1-4.
Sep

« Cankurtaran, H.S., Yarkan, S., Hasna, M.O., Qarage, K.A.
Statistical modeling of sand and dust storm attenuation
(2022) Proc. Int. Balkan Conf. Commun. Netw., pp. 95-99.
Aug

« Aloziea, E.
(2023) A Review of Dust-Induced Electromagnetic Waves Scattering Theories and Models
for 5G and BeyondWireless Communication Systems,
Amsterdam, The Netherlands: Elsevier

« Eltahir, E.I., Elsheikh, E.A.A., Babiker, A.A., Md. Rafiqul, I., Habaebi, M.H., Abdulla, A.H.,
Saad, E., Suliman, F.M.
Humidity effect on dust storm attenuation prediction for 21 GHz microwave links in
Sudan
(2021) Proc. Int. Conf. Comput., Control, Electr., Electron. Eng. (ICCCEEE), pp. 1-6.
khartoum, Sudan, Feb



+« Musa, A., Bashir, S.0., Abdalla, A.H.
Review and assessment of electromagnetic wave propagation in sand and dust
storms at microwave and millimeter wave bands-Part Il
(2014) Prog. Electromagn. Res. M, 40, pp. 101-110.

« Chen, C.,, Ren, T,, Hy, K,, Li, B., Wang, Y.
Estimation of soil clay content using hygroscopic water content at an arbitrary
humidity
(2014) Soil Sci. Soc. Amer. J., 78 (1), pp. 119-124.
Jan

« Campbell, G.S., Campbell, C.S.
Water content and potential, measurement
(2005) Encyclopedia of Soils in the Environment, pp. 253-257 .
Elsevier

« Acquisition, Presentation and Analysis of Data in Studies of Radio Wave Propagation,
Standard ITU-RP.311-14, 2013

Correspondence Address
Eltahir E.l.; Omdurman Ahlia University, Sudan; email: eltahirelnayal@gmail.com

Publisher: Institute of Electrical and Electronics Engineers Inc.

ISSN: 21693536

Language of Original Document: English
Abbreviated Source Title: IEEE Access
2-s52.0-85195386805

Document Type: Article

Publication Stage: Final

Source: Scopus

ELSEVI ER Copyright © 2024 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V. G_RELX Group™



