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The present Special Issue is focused on the term space weather, which has increasingly been used to describe phenomena in the near-earth space environment that impact telecommunications, transportation, electric power, satellite navigation, spacecraft design and operations, and other technologies on Earth.



Ten papers were contributed to this Special Issue; they were related to the ionospheric behavior of foF2 over the Chinese EIA Region, investigation of the periodicities of sunspot numbers and the Earth’s climate change, the impact of coronal mass ejections on the seasonal variation of the ionospheric critical frequency, correlations between earthquake properties and characteristics of possible ULF, comparisons of EEJ longitudinal variation from satellite and ground measurements over different solar activity levels, statistical analysis of plasma bubbles observed by swarm, geoeffective magnetosheath plasma jets area, and fractal properties of geomagnetic northward component data (H-component) in the equatorial region and the behavior of electron temperature (Te) at small scales in the topside ionosphere.



Starting the Special Issue with one of the most widely used global empirical models, the international reference ionosphere (IRI) was developed by the Committee on Space Research (COSPAR) and the International Union of Radio Science (URSI) to represent ionospheric variations. The IRI model plays a significant role in study of the ionosphere and the engineering application of radio wave communication and navigations. Inevitably, there are some discrepancies in foF2 and hmF2 between the empirical model of the ionosphere and observations. Therefore, many studies [1,2,3,4,5,6,7] of comparison between them were carried out to test the performance of the IRI, which could help to improve the accuracy of the IRI in future work. The auther of [6] summarized comparative studies of observations and IRI model from different sectors of the globe.



The auther of [8] focuses on diurnal and seasonal variations of foF2 over Chinese EIA region (Puer station, 22.7° N, 101.05° E, Dip Latitude 12.9° N) in the year 2016. Then, a comparative study of observations and the IRI model was performed to test the performance of the IRI model over the southwest sector of China. Puer station is a newly installed ionosonde station in the Chinese EIA region along the longitude of about 100° E; therefore, it can provide more data to improve the performance of IRI in the future.



The question of how strongly the Sun influences climate change on Earth is eternally debated, with topics ranging from the lack of evidence to contradictions. Ref. [9] adopted the largest amount of reconstruction data of sunspot numbers [10] so far to investigate the periodicities of both solar activity and temperatures of four independent stations on the Earth (three in the northern hemisphere and one in the southern hemisphere) [11,12,13,14] during the past 8640 years (BC 6755–AD 1885), as well as their cross-wavelet coherences. They found that all their variations had an evident 1000-year cyclicity, which had recently been discovered in solar activity (named the Eddy cycle [15]), but is rarely seen in the Earth’s climate change. The cross-wavelet analysis further demonstrated that the millennial variation of sunspot number keeps in phase with variations of Lake Qinghai’s temperature, Greenland’s temperature, and the East Asian Monsoon, but out of phase with the variation of Antarctica’s temperature. This revealed that the millennial variations of the Earth’s climate presented a seesaw pattern, i.e., the two hemispheres had opposite trends, and they might be modulated by the long-term solar variation.



In order to further confirm this finding, [16] extended the sources of climate data to 10 sites [17] evenly distributed in the northern and southern hemispheres of the Earth, and obtained the same results, although the Earth’s climatic response to solar forcing could be different region-by-region, and the temperatures in the southern hemisphere seemed to have an opposite changing trend compared to those in the northern hemisphere on this millennial scale. These findings reveal not only a pronounced but also a complex relationship between solar variability and climatic change on Earth on the millennial timescale. All these open up new research directions for studying the relationship between solar activity and long-term changes in the earth’s climate.



Ref. [18] studied the monthly average values of f0F2 through 1996–2013 (from Puerto Rico ionosonde station) and the corresponding monthly average values of the CME’s parameters. They also found that the monthly average value of f0F2 has a high coherence with the sunspot number (SSN). This behavior emphasizes that the f0F2 profiles rely on solar activity. Moreover, CME’s parameters are found to be varying with SSN in the same coherence behavior, like f0F2. Ref. [18] checked the monthly correlations between the physical properties of CME and those of f0F2 during the same period. They found a linear correlation of approximately 0.73, 0.6 and 0.6 for the CME energy, angular width and initial speed, respectively. They conclude that the wider, energetic, and faster CMEs can increase the electron density in the ionosphere due to the plasma injection, giving rise to high values of f0F2. They also conclude that the highest impact of the CMEs on the seasonal variation is found to be in the summer, then equinoxes (spring and autumn) followed by winter.



The paper written by [19] focuses on extending the potential of geomagnetic anomalies in the ultra-low frequency (ULF) range as a possible earthquake precursor. In their study, geomagnetic field data were obtained from 10 magnetometer stations that are situated close to 34 earthquakes around the world. The temporal range of the study was limited to between the year 2007 and 2016 based on the availability of high resolution (i.e., 1 Hz), which is relatively scarcer compared to lower resolution data. Their study aimed to obtain two parts of earthquake prediction, that is precursor detection and direction estimation in Southeast Asia, East Asia, and South America regions. Their paper reported that 58.82% of the studied earthquakes were preceded by geomagnetic anomalies, which were possibly the precursor to the earthquakes. When looking at the correlation between the characteristics of the possible precursors and the earthquake properties, weak correlations were obtained. However, when the study area was focused only in Japan near ONW (Onagawa) and TNO (Tohno) stations, the correlations were stronger (r ≥ 0.60, p < 0.05). They found that the lead time of the precursor is correlated with the earthquake magnitude, the local seismicity index, and the hypocentral depth. Additionally, the error percentage of the estimated direction was somewhat correlated with the hypocentral depth. The paper concluded that correlations between earthquake properties and precursor characteristics possibly existed when the study area was restricted to a specific location.



Ref. [20] utilized long-term data from satellite and ground measurement to study the equatorial electrojet (EEJ) current dependency on longitude. They applied the normalization method towards ground magnetometer data to overcome the latitudinal variation of EEJ current before the comparison with the satellite data can be made. In all analyses conducted, they only considered quiet days’ data and the data are categorized according to low, moderate and high solar activity levels. Their paper reported a good agreement between the longitudinal profiles of the EEJ currents that were measured from satellite and ground data during low solar activity level. In general, they summarize that those strong correlations were obtained between 11:00 and 13:00 local time (LT) in most of the sectors where ground data were available. Apart from that, this paper also suggested that the different times of maximum EEJ current appearances were seasonally dependent only at certain longitude sectors.



The equatorial plasma bubbles (EPBs) during different levels of geomagnetic storms by using seven years of Swarm data (IBI) have been studied [21]. They found that the majority of IBIs are observed within 20 latitudes around the dip equator. They found that IBI exhibited a large range of longitude during moderate and super storms, but it was found within limited longitudes over the South Atlantic Anomaly (SAA). The numbers of IBIs in the northern hemisphere are always slightly larger than their corresponding southern hemispheric numbers at all longitudes during super, intense, and moderate geomagnetic storms. During super and intense storms, the number of IBIs at the altitudes of Swarm B is larger than those observed at the altitudes of Swarm A and C. During moderate storms, the majority number of IBIs are observed by Swarm A and C. The duration time of IBIs show that it is abundant over SAA and it increases from the sunset until midnight. Moreover, they found that the seasonal variations of IBIs indicated that the numbers of IBIs in the equinoxes are always larger than those in the summer and winter months. Furthermore, the number of IBIs has two crests: one at 20:00 LT and the other at 22:00 LT during months 9–11. COSMIC electron density at the F2 layer peak height (hmF2) layer showed that, during super storms, the electron density data are dramatically decreased/depleted in comparison with moderate and intense storms.



The next paper is a preliminary study of an important area that affects the space- weather around the Earth, called magnetosheath plasma jets [22], This paper studied four mechanisms of magnetosheath plasma jet that interact with the magnetopause using the Time History of Events and Macroscale Interactions during Substorms (THEMIS) during the years 2007 to 2009. Additionally, the paper made a statistical survey of 554 such geoeffective jets. They showed that a major portion (69%) of these jets were produced by directional discontinuities. They also found that the fastest and strongest jets that impact the Earth’s magnetopause arise from the rotational discontinuities.



The paper of [23] presents the fractal properties of geomagnetic data in the equatorial region of Southeast Asia during low, intermediate and high phases of solar activity using the Hurst exponent (H) as the parameter. In particular, they utilized the geomagnetic northward component data (H-component) obtained from two magnetometer stations of Langkawi, Malaysia (LKW) and Davao, Philippines (DAV). Their paper had three scopes: one was to identify fractal signatures in long term geomagnetic data, the second was to find the most accurate fractal method to be used with geomagnetic data, and the third was to analyze various short and long-term cases of geomagnetic quiet and disturbed days using the best fractal method. They found that the fractal signatures in long term geomagnetic data from the Southeast Asian region have virtually the same fractal signatures as the geomagnetic data from other equatorial regions, such as South America and Africa. Their analysis also demonstrated that the DFA method is still the best method for quantifying geomagnetic data, far outclassing the newer method of r-DFA. Lastly, their quantitative analysis shows that short term H-component data of quiet days have anti-persistence tendencies (H < 0.5) while disturbed days have persistence tendencies (H > 0.5). As for the long-term H-component data, both quiet and disturbed days show random tendencies, with disturbed days generally having higher Hurst exponent values compared to quiet days. Their paper concluded that the Hurst exponent, when utilized with H-component data, may hold the potential to be a geomagnetic storm monitoring tool in the Southeast Asian region.



The last paper in this Special Issue demonstrated a statistical study of the rate of change of electron temperature index (ROTEI) [24], ROTEI provides a description of the small-scale variations of the electron temperature (Te) along the Swarm satellite’s orbit. The main target is to characterize the mean spatial, diurnal, seasonal, and solar activity variations exhibited by small-scale Te variations in the topside ionosphere through in situ observations collected by Langmuir Probes on board the European Space Agency Swarm satellites from the beginning of 2014 to the end of 2020. The findings of the paper are: (1) the presence of very high ROTEI values at high latitudes all throughout the day, and at mid and low latitudes for the MLT sectors around 9:00 and 15:00; (2) ROTEI exhibits a distinct day/night diurnal trend at low and mid latitudes, which is instead quite negligible at high latitudes; (3) high latitudes exhibit a large seasonal variation with the highest ROTEI values in winter and lowest in summer, while at mid and low latitudes the seasonal dependence is weaker; (4) ROTEI exhibits a faint solar activity dependence with slightly higher values at low solar activity.
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