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Abstract
The characteristics of the F2 layer parameters NmF2 and hmF2 over Dibrugarh (27.5° N, 95° E, 17° N geomagnetic, 43° dip) measured by a Canadian Advanced Digital Ionosonde (CADI) for the period of August 2010 to July 2014 are reported for the first time from this low mid-latitude station lying within the daytime peak of the longitudinal wave number 4 structure of equatorial anomaly (EIA) around the northern edge of anomaly crest. Equinoctial asymmetry is clearly observed at all solar activity levels whereas the midday winter anomaly is observed only during high solar activity years and disappears during the temporary dip in solar activity in 2013 but forenoon winter anomaly can be observed even at moderate solar activity. The NmF2/hmF2 variations over Dibrugarh are compared with that of Okinawa (26.5° N, 127° E, 17° N geomagnetic), and the eastward propagation speed of the wave number 4 longitudinal structure from 95° E to 127° E is estimated. The speed is found to be close to the theoretical speed of the wave number 4 (WN4) structure. The correlation of daily NmF2 over Dibrugarh and Okinawa with solar activity exhibits diurnal and seasonal variations. The highest correlation in daytime is observed during the forenoon hours in equinox. The correlation of daily NmF2 (linear or non-linear) with solar activity exhibits diurnal variation. A tendency for amplification with solar activity is observed in the forenoon and late evening period of March equinox and the postsunset period of December solstice. NmF2 saturation effect is observed only in the midday period of equinox. Non-linear variation of neutral composition at higher altitudes and variation of recombination rates with solar activity via temperature dependence may be related to the non-linear trend. The noon time maximum NmF2 over Dibrugarh exhibits better correlation with equatorial electrojet (EEJ) than with solar activity and, therefore, new low-latitude NmF2 index is proposed taking both solar activity and EEJ strength into account.
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Introduction
The earth’s ionosphere is formed due to photoionization of neutral atmosphere by solar radiation and exhibits latitudinal, longitudinal, altitudinal as well as diurnal and seasonal variations. The behavior of the ionosphere depends on the structure of geomagnetic field and geomagnetic activity in addition to the solar flux (Field and Rishbeth 1997; Buonsanto 1999; Danilov and Lastovicka 2001; Simi et al. 2013, etc). The distribution of ionization in low-latitude ionosphere particularly the F2 layer is affected by the equatorial ionization anomaly (Appleton 1946). The characteristics of the ionosphere also changes with longitude (Bailey 1948
                        ; Thomas 1968), and there are important differences in Asian, African, and American zones (Rao 1963a). Walker (1981) reported significant longitudinal variation using only ionosonde data. Deminova (1993, 1995) first reported a wavelike longitudinal structure of the critical frequency of the F2 layer both along the equator and the anomaly crest using data from the Intercosmos II satellite. Later, Sagawa et al. (2005) reported wavelike structure in the development of EIA during March–June of 2002, at nighttime by analyzing the OI 135.6-nm nightglow from far ultraviolet imager (FUV) on board the IMAGE satellites and thereby suggested a longitudinal structure with wave number 4 (WN4) or 90° periodicity. England et al. (2006) have shown from CHAMP, Ørsted, and SAC-C satellite observation the existence of longitudinal structure in noon time equatorial electrojet (EEJ) similar to nighttime EIA structure. Immel et al. (2006) and Lin et al. (2007a) have postulated that atmospheric tides are the source of the WN4 phenomenon. Using TOPEX Total Electron Content (TEC) data, Scherliess et al. (2008) have found that the WN4 structure is created in low-latitude TEC in equinox and June solstice with enhancement along the 100° E, 190° E, 270° E, and 10° E. Lühr et al. (2007) have reported a four-peaked longitudinal structure in electron density and zonal wind measured by the CHAMP satellite at 400 km. Kil et al. (2007) and Oh et al. (2008) reported the existence of a structure of four peaks of enhanced plasma density along the equatorial anomaly even at the topside of F region near 10° E, 100° E, 200° E, and 280°E and showed its relation to the vertical E × B drift. Liu and Watanabe (2008) from CHAMP satellite data have observed significant seasonal variation of the longitudinal plasma density structure at fixed solar activity levels. It has also been shown (Sagawa et al. 2005; Immel et al. 2006; Oh et al. 2008) that along these four high-density regions, the anomaly crest moves poleward to higher magnetic latitude. Using FORMOSAT-3/COSMIC (F3/C) satellite constellation, Lin et al. (2007b) have shown that the four-peaked EIA longitudinal structure evolve with local time and tend to move eastward with velocity of several tens of meters per second. The eastward shifting of the location of the daytime peak of the WN4 structure by around 20° was also reported by Liu and Watanabe (2008), Scherliess et al. (2008) and Fang et al. (2009). In particular, the daytime peak along 90–100° E moves to around 120° E by nighttime. The longitudinal WN4 structure also exhibits some altitudinal difference (Kil et al. 2007) particularly at nighttime. The longitudinal structure of plasma density has been detected by different techniques and in different altitude. The optical observations (Sagawa et al. 2005; Henderson et al. 
                        2005; Immel et al. 2006) provide information of the density near the F region. The measurements by ROCSAT-1 (Kil et al. 2007; Kil et al. 2008; Oh et al. 2008; Fang et al. 2009) basically give a picture of the topside density structure. The TEC measurements (Scherliess et al. 2008) and the radio occultation measurements (Lin et al. 2007a, 2007b) are altitude independent. Recently, Bhuyan and Hazarika (2012) and Watthanasangmechai et al. (2015) have reported the characteristics of TEC along 95–100° E which is within the most prominent peak of the WN4 structure at 100° E during the ascending phase of solar cycle 2009–2012, but no bottom side (ionosonde) measurements have been reported from this region yet. Satellite- and ground-based methods are complementary in many respects (Booker and Smith 1970) and ground-based ionosondes provide valuable information of vertical ionospheric structure. Lin et al. (2007a) have shown that the wave number 4 longitudinal structure mainly exists in the F region of the ionosphere or above 250–300 km, and therefore, measurements of the F layer by the ionosonde in these sectors should be useful addition to the existing information. In the Indian sector, Kolkata (22.56° N, 88.36° E) was the easternmost ionosonde station nearest to the region of enhanced plasma density which operated till 1976. In the NGDC data base (http://​spidr.​ngdc.​noaa.​gov/​) between Kolkata and Hainan (19.4° N, 109° E) (Singapore at 103° E, 1.3° N is at the equator), there is no ionosonde station in low-latitude region. Wichaipanich et al. (2012) reported the diurnal and seasonal variations of NmF2 in the low-latitude region over Southeast Asia. Therefore, an ionosonde in the low-latitude region of 90–100° E longitude would provide valuable measurements characterizing the most prominent peak of the longitudinal WN4 structure. The solar activity variation of low-latitude F2 layer density may get modulated by the solar activity variation of the mechanism that creates the WN4 structure. The solar cycle variation of the monthly median NmF2 has been studied extensively (Kane 1992; Sethi et al. 2002; Liu et al. 2003, 2004; Yadav et al. 2011; Liu et al. 2012, etc.) at different longitudes. Solar activity variations of daily averaged noontime NmF2 or NmF2 for multiple stations (Liu et al. 2006) or single station (Cardoso et al. 2011) have also been reported. Chen and Liu (2010) found that the rate of linear increase of monthly mean NmF2 with F10.7 cm solar flux shows remarkable dependency on latitude, season, and local time at low solar activity levels. Walker and Ma (1972) have studied the influence of the solar flux and the equatorial electrojet on the diurnal development of the latitude distribution of the total electron content in the equatorial anomaly and reported positive correlation of electron content under the crest with electrojet. The strength of the EEJ influences the equatorial fountain and the amount and latitudinal extent of ionization transported from the equator to the lower latitudes. Rush and Richmond (1973) have studied the relationship between equatorial anomaly and the strength of the EEJ. The eastward equatorial electric field is related to the strength of EEJ (Alken et al. 2013). Deshpande et al. (1977) have reported the effect of electrojet on the total electron content of the ionosphere over the Indian subcontinent and demonstrated the association between the diurnal development of the equatorial anomaly in TEC and the electrojet strength. Earlier workers have reported positive correlation of NmF2 with EEJ in low-latitude stations in the Indian zone (Dabas et al. 1984; Dabas et al. 2006). Liu et al (2011) studied the relation of equatorial mass anomaly and EIA in the postmidnight period. Adebesin et al. (2013) studied NmF2 and hmF2 variations with electrojet over an African equatorial station. The four peaked wavelike structure in noon time electrojet (England et al. 2006) may cause longitudinal difference in the response of the low-latitude ionosphere to electrojet. Hence, the diurnal variation of solar activity effect on daily NmF2 near the crests of the WN4 structure and the variation of the same with longitude in the context of the movement of the WN4 structure needs to be investigated. The solar cycle 24 is different from previous solar cycles like 23 or 22 in terms of level of solar activity or sunspot number and the representation in terms of solar proxies (Chen et al. 2011). During the deep solar minimum of 2007–2008, no sunspots were recorded for 266 consecutive days. The solar activity picked up very slowly in 2009–2010 and seemed to peak in June solstice of 2012 (F10.7 ~ 183). The solar activity again picked up in December solstice of 2013 to form the maximum (F10.7 ~ 253 sfu) in January 2014. The double-peak structure observed in cycle 23 (Kane 2006) is repeated in cycle 24 with much lower solar activity levels. Even at the maximum, the solar activity of cycle 24 is much less than previous cycles like cycle 23 when the highest F10.7 flux was 325 sfu. Therefore, the investigation of solar activity variation of F2 layer parameters in solar cycle 24 may reveal new features.
In this work, we report the first time ionosonde measurements from Dibrugarh (27.5° N, 95° E, 17° N geomagnetic, 43° dip) which lies in the same longitude as the strongest daytime longitudinal enhancement (90–100° E) in density, EEJ, and vertical E × B drift, etc. (Kil et al. 2008; Lühr et al. 2008) on the northern outer edge of the equatorial anomaly. A comparison of Dibrugarh NmF2 and hmF2 data is made with that of Okinawa (26.8° N, 127° E, 17° N geomagnetic) which lies in the same geomagnetic latitude but close to the longitude of the nighttime peak in WN4 (120° E). The propagation velocity of the WN4 structure is inferred from the local time difference in the magnitude of NmF2 over Dibrugarh and Okinawa. The diurnal variation of solar activity effect on daily NmF2 and hmF2 measured over Dibrugarh and Okinawa from August 2010 till July 2014 and its seasonal variation is studied using solar activity proxies. The widely reported non-linear variation of NmF2 with solar activity (Bhuyan et al. 1983; Balan et al. 1993, 1994; Liu et al. 2006, 2007a) is shown to exhibit a diurnal variation. The correlation of Dibrugarh NmF2 and hmF2 with solar activity as well as EEJ is compared with that of Okinawa. The effect of EEJ on daily NmF2/hmF2 variations and its importance relative to solar activity is investigated. A new composite index of solar and electrodynamical activity for the low-latitude region is proposed. This index is a weighted mean of daily F10.7P and the maximum EEJ strength. The midday maximum NmF2 over Dibrugarh and Okinawa are shown to exhibit better correlation with this index than with F10.7P or EEJ. This work and the data should provide a better understanding of the physics of the low mid-latitude F2 region ionosphere along 90°E–120° E longitude.

Data and methodology
Canadian Advanced Digital Ionosonde (CADI) was installed in Dibrugarh in July 2010. CADI is a modern low-power digital ionosonde of peak power of around 650 W and frequency range of 1–20 MHz. The transmitter antenna is an inverted delta type. The length of the antenna is around 59 m, and it is supported on a 15-m-high tower. The receiver antenna system consists of four dipole receivers of 30 m each arranged in rectangular geometry. The operation of the ionosonde is automated and the ionograms every 10/15 min are recorded in 24 × 7 mode.
The hourly averaged F2 layer critical frequency foF2 and the F2 layer real height hmF2 measured by the ionosonde for the quiet days of the period of August 2010 till July 2014 are used in this study. This is the ascending phase of solar cycle 24. The solar activity (F10.7 cm flux) variation for this period is shown in Fig. 1. We note that the solar activity even during the maximum of the cycle is not quite high and may be termed as moderately high only. NmF2 is calculated from manually scaled values of foF2 by using the formula NmF2 = 1.24 × (foF2 in MHz)2 × 1010 per cubic meter for the quiet days (Kp < 3) of the month. The hmF2 values for Dibrugarh are obtained from the true height profile generated by inversion of ionograms using POLAN (Titheridge 1985) for the ten quietest days of the month given in Kyoto University geomagnetic data service website (http://​wdc.​kugi.​kyoto-u.​ac.​jp/​). The NmF2 and hmF2 data for Okinawa was obtained from the National Geophysical Data Center (NGDC) web site http://​spidr.​ngdc.​noaa.​gov/​. F10.7P and the solar extreme ultraviolet (EUV) flux measured by the Solar EUV Monitor (SEM) of Solar Heliospheric Observatory (SOHO) are used as indicators of solar flux variation. Here, F10.7P = (F10.7 + F10.7A)/2 and F10.7A is the 81-day running mean of F10.7. For estimating the equatorial electrojet, the earth’s magnetic field H at the pair of stations located on and off the equator is measured. Following Chandra and Rastogi (1974), the strength of the Electrojet is estimated as[image: A40623_2015_355_Fig1_HTML.gif]
Fig. 1F10.7 index from August 2010 to May 2014
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where H
                        eq is the horizontal component of the earth’s magnetic field at the equatorial station and H
                        off equator is the H component at an off-equatorial station. The station pair for the Indian zone is Tirunelveli (0°)-Alibag (23° N), and the data period is August 2010–December 2012. The station pair for Okinawa is Davo (1° S)-Muntinlupa (7° N), and the data period is August 2010–April 2014. The neutral parameters and ion temperature are obtained from the NRLMSISE and IRI models, respectively.

Results and discussion
Diurnal and seasonal variations of NmF2
The seasonal variation of NmF2 is illustrated as a function of local time in Fig. 2 for low solar activity (August 2010–August 2011) and moderately high solar activity (September 2011–July 2014), respectively. The NmF2 is highest in equinox and lowest in December (June solstice) solstice for low (high) solar activity conditions. Nighttime NmF2 is higher in March equinox and June solstice. In low solar activity period, the diurnal maximum is observed around 1300–1400 LT in December solstice, 1400–1500 LT in equinox, and 1500–1600 LT in June solstice. In high solar activity period, the time of occurrence of the diurnal maximum for December solstice is delayed by about 1 h whereas for other seasons, the time of occurrence remains the same. This indicates a reduction in December solstice to June solstice delay in the occurrence of the daytime peak. In both low and high solar activity conditions, equinoctial asymmetry is observed, i.e., NmF2 is higher in March equinox than in September equinox. Equinoctial asymmetry has been reported earlier by Titheridge (1973), Da Rosa et al. (1973), Essex (1977), Balan and Otsuka (1998), Chen et al. (2012) and Ren et al. (2014). To delineate the seasonal variation of NmF2 from the variation of NmF2 due to solar activity, the NmF2 dataset (August 2010–May 2014) was detrended using the following procedure. The second order fitting of daily NmF2 values with the corresponding daily values of solar activity proxy F10.7P is used to obtain the trend of variation with solar activity. The NmF2 value predicted by the fitted curve for a particular solar flux level is subtracted from the observed NmF2 to obtain the detrended NmF2. The time series of detrended NmF2 is shown in Fig. 3. A semi-annual variation in daytime maximum density of the F2 layer is clearly observed with the two peaks occurring in the equinoxes. The peak in March equinox is higher than the peak in September equinox. The asymmetry of the thermospheric O/N2 ratio may have contributed to the equinoctial asymmetry (Hazarika and Bhuyan 2014). Bhuyan and Hazarika (2012) have observed the winter anomaly in TEC only in the high activity period of 2011–2012 over the same location and attributed this to the change in the thermospheric O/N2 ratio as observed from GUVI satellite. From Fig. 2a,b, it is observed that in low solar activity period of 2010–2011, the seasonal average NmF2 is higher in June solstice than that in December solstice whereas in the high solar activity period of 2012–2014, the seasonal average NmF2 in December solstice and June solstice are of the same order with June solstice NmF2 slightly on the lower side. Therefore, a weak winter anomaly in midday NmF2 can be observed over Dibrugarh during high solar activity period of 2012–2014, but no winter anomaly is observed in the low solar activity period of 2010–2011. The weak winter anomaly could be due to the decreasing trend of solar flux from the second half of 2012 to September equinox of 2013 leading to a double peak in solar cycle 24 or lower level of activity during this cycle. To confirm this hypothesis, we investigated the seasonal NmF2 variation in June solstice and December solstice of 2010–2011, 2011–2012, 2012–2013, and 2013–2014 separately in Fig. 4. The winter anomaly in forenoon and midday NmF2 can be clearly observed during 2011–2012 and 2013–2014 whereas it is present only during a couple of forenoon hours during 2012–2013. The dip in solar activity during 2013 is manifested in temporary disappearance of the midday winter anomaly over Dibrugarh. Therefore, the effect of solar activity on NmF2 is stronger in the forenoon than that in the midday period. The rate of increase of NmF2 in the forenoon hours of high solar activity hours is fastest as compared to the other daytime hours and may be related to the more pronounced winter anomaly in the forenoon period. The local time variation of [O]/[N2] ratio at the altitude of the F2 layer may be related to the local time dependence of the winter anomaly. The local time effect on NmF2 solar activity variations is discussed further in the “The variation of NmF2 with solar activity” section.[image: A40623_2015_355_Fig2_HTML.gif]
Fig. 2The seasonal variation of NmF2 in low solar activity period of August 2010–August 2011 and high solar activity period of September 2011–July 2014. The error bars indicate the standard deviation of the data




                           [image: A40623_2015_355_Fig3_HTML.gif]
Fig. 3Detrended seasonal variation of NmF2 for the period of August 2010–April 2014
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Fig. 4The solar activity variation of winter anomaly during the double peak solar cycle 24




                        

Diurnal and seasonal variations of NmF2 over Okinawa
The longitudinal WN4 structure peak in electron density maximizes around 90°–100° E during daytime and around 120° E at nighttime. The WN4 structure is postulated to be related to the non-migrating eastward propagating diurnal tides (Immel et al. 2006) as it evolves with local time and moves eastward (Lin et al 2007b; Scherliess et al. 2008; Fang et al. 2009). Therefore, comparison of simultaneous ground measurements (NmF2/hmF2) in these longitude sectors (90–120° E) might complement the earlier observation from satellites and reveal new features. The pair of ionosonde stations at Dibrugarh (27.5° N, 95° E, 17° N geomagnetic) and Okinawa (26.5° N, 127° E, 17° N geomagnetic) provide the opportunity of comparing the NmF2 at these longitudes as they are virtually at the daytime and nighttime peak of the WN4 structure and also at the same geomagnetic latitude. Simultaneous measurements at the two stations are available from 2010 to 2014.
The diurnal variation of NmF2 in these two stations for the four seasons is shown in Fig. 5 for low solar activity conditions (August 2010–August 2011) and moderately high solar activity conditions (September 2011–April 2014). The diurnal variation of NmF2 over Dibrugarh and Okinawa are similar in December solstice but significantly different in equinox and June solstice of low solar activity period. The daytime NmF2 over Dibrugarh are found to be much higher than that of Okinawa in these three seasons. The diurnal peak of NmF2 in Dibrugarh is obtained slightly earlier as compared to that of Okinawa, particularly in low solar activity June solstice and September equinox. In all seasons, NmF2 in Dibrugarh decreases to level below that of Okinawa in the nighttime. In the high solar activity period, June solstice and September equinox NmF2 variations are similar to those during low solar activity. In December solstice and March equinox of the same period, postsunset enhancement in NmF2 (Rao 1963b) is observed which may be related to the stronger pre-reversal enhancement (PRE) in high solar activity (Fejer et al. 1979). In this period, the difference between Dibrugarh and Okinawa becomes appreciable in December solstice. In general, the magnitude of NmF2 over Dibrugarh is higher in the daytime and lower in the nighttime than that of Okinawa. An inspection of the diurnal development of NmF2 reveals that in the early morning period, the NmF2 over Dibrugarh and Okinawa have nearly the same values. The NmF2 over Dibrugarh starts increasing at a faster rate from around 0700 LT when the WN4 structure is reported to develop and is significantly higher than the NmF2 over Okinawa by 1400–1500 LT when the WN4 structure is fully developed. In contrast, the NmF2 over Okinawa increases at a relatively slower rate in the morning and the diurnal maximum is observed after 1600 LT in September equinox and June solstice of low solar activity period. A plateau is formed thereafter, and the NmF2 starts to decay around 1900–2000 LT whereas the NmF2 over Dibrugarh falls rapidly after 1600 LT. From evening to early morning period, the NmF2 over Dibrugarh decays at a faster rate and becomes lower than that of Okinawa. In high solar activity period of 2012–2014 (Fig. 5b), the NmF2 over Dibrugarh remains higher than that over Okinawa till late evening hours. This is particularly true for June solstice and March equinox. For quantitative study, the average difference in hourly NmF2 between the two stations is plotted against local time in Fig. 6. During low solar activity, the maximum difference in NmF2 between Dibrugarh and Okinawa (∆NmF2 = NmF2dib − NmF2oki > 8 × 1011/m3) is observed in the midday (1200–1300 LT) and the late evening period (2000 LT) of equinox whereas minimum difference is observed in the early morning period (0800 LT) and sunset period (1700–1800 LT). The daytime peak in ∆NmF2 is weakest in December solstice but nighttime peak is weakest in June solstice. The absence or weak WN4 peak at 120° E during June solstice (Liu and Watanabe 2008) could result in weaker nighttime peak in June solstice. During high solar activity, the maximum difference between Dibrugarh and Okinawa is observed in June solstice (∆NmF2 = NmF2dib − NmF2oki ~ 9 × 1011/m3) around 1300 LT. The difference between the two stations increases in December solstice when solar activity increases. The trend is clearly of higher values over Dibrugarh in the daytime and higher values over Okinawa in the nighttime with the transition taking place during the early morning and sunset periods. The difference in NmF2 increases gradually in low solar activity solstice as compared to equinox in the daytime to reach the maximum in the midday period (later in September equinox and solstices as compared to March equinox) and then decays rapidly to change the phase during sunset. The nighttime peak in ∆NmF2 also exhibits similar development with the phase change taking place in the postsunrise period. The wavelike structure of the hourly NmF2 is most probably related to the eastward movement of the WN4 structure from 95° E to 127° E. The seasonal variation of the ∆NmF2 notably the minimum difference in December solstice and the timing of maxima and phase change (morning and sunset periods) are consistent with the behaviour of the WN4 structure (Liu and Watanabe 2008; Jin et al 2008; Ren et al. 2009). The average time difference between the daytime and nighttime peak in ∆NmF2 is about 7–8 h in low solar activity period and about 10 h in high solar activity period. The time lag between the two maxima in ∆NmF2 can be used to estimate the propagation speed for the WN4 assuming that the local time of the two maxima corresponds to longitudinal position of the WN4 peak. The propagation speed of the WN4 structure estimated by this method is about 4.3°/h in low solar activity and about 3.2°/h in high solar activity. The speeds are higher in the low solar activity and lower in the high solar activity. The propagation speed in the high solar activity is of the same order as those estimated by Jin et al. (2008) for daytime hours. The estimated speeds in this study differ from the theoretical speed (3.75°/h) of the WN4 structure by about 15 %. The difference could be partly due to the use of hourly averaged NmF2. The solar activity variation of the estimated speeds could be due to the solar activity variation of the location and the strength of the WN4 peaks (Liu and Watanabe 2008). Considering the similar local time, seasonal, and solar cycle variations of the longitudinal WN4 structure and the hourly ∆NmF2, we suggest that the observed NmF2 difference between Dibrugarh and Okinawa is due to the longitudinal WN4 structure in electron density and we further validate the result by showing that the propagation speed of the WN4 structure estimated from the ground measurements is close to the theoretical value.[image: A40623_2015_355_Fig5_HTML.gif]
Fig. 5The seasonal variation of NmF2 over Dibrugarh and Okinawa for a low (August 2010–August 2011) and b high solar activity (September 2011–April 2014). The error bars indicate the standard deviation of the data
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Fig. 6The average hourly variation in ∆NmF2 (NmF2Dibrugarh − NmF2Okinawa) for a low and b high solar activity conditions




                        

The variation of NmF2 with solar activity
It was observed that during the period of study which corresponds to the rising and peak activity period of solar cycle 24, the daily noon time maximum NmF2 over Dibrugarh is not well correlated with solar activity proxy F10.7P or solar EUV flux measured by SOHO/SEM (r < 0.5, not shown here) whereas over Okinawa, the daily maximum NmF2 is better correlated (r ~ 0.55) to solar activity. Detailed investigation of hourly NmF2 revealed that the correlation of NmF2 with the solar activity indices exhibited a diurnal variation, and the best correlation is observed in the forenoon hours. The variation of daily 1000 LT NmF2 with F10.7P and Solar EUV flux for geomagnetically quiet days is shown in Fig. 7. We observe that the correlation improves marginally for non-linear fitting with solar EUV flux. The correlation of the forenoon NmF2 is higher over Dibrugarh as compared to that of Okinawa. For both stations, the highest and lowest correlations are observed in March equinox and June solstice, respectively (not shown). Seasonal variation of the equatorial anomaly, the WN4 structure, and global thermospheric composition and circulation may account for the observed seasonal variation. To examine the non-linear variation of NmF2 with solar activity, the daily NmF2 variations at different hours are fitted with a second-order polynomial shown in Eq. 1 below.[image: A40623_2015_355_Fig7_HTML.gif]
Fig. 7The scatter plot showing the variation of 1000 LT NmF2 over Dibrugarh and Okinawa with F10.7P and solar EUV flux
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 (1)


                        
Here, N is hourly NmF2, x is solar EUV flux, and a
                           2 and a
                           1 are the first- and second-order coefficients. Improvement in correlation is observed depending on local time and season. The correlation of maximum daytime NmF2 over Dibrugarh with F10.7P is poor (r < 0.5) even in the case of second-order fitting, and the saturation effect is very weak (not shown). Bhuyan and Hazarika (2012) observed the saturation effect in maximum daytime TEC measured over Dibrugarh with daily F10.7 cm flux. The apparent difference in the response of TEC and NmF2 could be due to three factors: (1) different solar activity index used, (2) different data period, and (3) different physical mechanism around the F2 layer peak and the topside. Bhuyan and Hazarika (2012) studied the TEC variation with daily F10.7 cm flux for the period 2009–2012 whereas in this study, we have used the modified index F10.7P and solar EUV flux measured by SOHO/SEM for the period 2010–2014. Therefore, the saturation effect observed by Bhuyan and Hazarika (2012) with F10.7 may be due to the non-linear variation of F10.7 cm flux with solar EUV flux in the high solar activity period as pointed out by Balan et al. (1994). Additionally, the TEC represents the vertically integrated density of the ionosphere which include the topside as well as the bottom side density whereas NmF2 is obtained from the measurement of the bottom side of the F2 layer. The TEC is affected by the physics of the topside where diffusion and the electrodynamics and in particular the transport due to equatorial fountain effect via the E × B drift are dominant factors in low-latitude region. The effect of solar activity on electron density varies with altitude (Su and Bailey 1999), and depending on altitude and season, the topside density can exhibit linear, saturation, and amplification trend with solar activity (Liu et al. 2007; Chen et al. 2009). NmF2 is the highest density of the F2 layer, and the altitude of the highest density hmF2 varies with local time, season, solar cycle, and magnetic activity. The variations of hmF2 affect the solar activity variations of NmF2 (Liu et al. 2006). Therefore, the response of the TEC and the NmF2 to solar activity may be different, particularly in terms of the threshold levels for onset of the saturation effect.
The coefficient a
                           2 in Eq. 1 represents the non-linearity of the fitted curve, and its sign indicates whether NmF2 is saturated (a
                           2 < 0) or amplified (a
                           2 > 0) with solar activity. In Fig. 7, the tendency for non-linear variation of NmF2 with solar EUV flux was observed at 1000 LT and, therefore, we examined the nature of the NmF2 variation trend at each hour of the day with F10.7P and EUV flux. It was found that the same hourly data set which tends to saturate with F10.7P increases linearly with solar EUV flux. Similarly, the dataset which increases linearly with F10.7P shows the amplification effect with EUV flux. Therefore, we find a non-linear relation between F10.7P and solar EUV flux and confirm that the ionospheric response to solar activity is affected by the non-linear relationship between solar activity indices (Balan et al. 1993). The diurnal and seasonal variations of the coefficient a
                           2 with solar EUV flux measured by SHOHO/SEM are shown in Fig. 8. In both the stations, the value of a
                           2 is generally higher in the forenoon and postsunset periods as compared to that in the midday period. There are subtle differences in the seasonal variation of a
                           2. In March equinox, positive values of a
                           2 are seen in the forenoon and the pre-midnight period signifying a weak tendency for amplification. Negative a
                           2 in the midday period hints at the saturation effect. In June solstice, a
                           2 remains close to zero throughout the day in the case of Dibrugarh, suggesting a linear increase of NmF2 with solar activity. In the case of Okinawa, the slight negative bias in a
                           2 except for a brief period in the morning of June solstice suggests weak saturation effect in NmF2. In September equinox, a
                           2 is negative in the midday which suggests that NmF2 is more likely to saturate in high solar activity. In the forenoon period of December solstice, a
                           2 is weakly positive but in the postsunset period, a
                           2 is clearly positive over Dibrugarh but weakly positive over Okinawa. Therefore, in the forenoon and postsunset periods, the NmF2 increases linearly in June solstices and September equinox but there is a tendency for amplification in March equinox and December solstice. In the case of Dibrugarh, the NmF2 may exhibit the saturation effect only in the midday period of equinox. The latitudinal variation of the location of the EIA crest relative to Dibrugarh and Okinawa and the movement of the EIA crest towards higher latitudes (Bhuyan et al. 2003) in equinox may account for such seasonal differences as the saturation effect is most pronounced in the EIA region (Ma et al. 2009; Liu et al. 2003). The non-linear variation as indicated by a
                           2 can at best be termed as tendency for non-linear variation due to moderately high level of solar activity in solar cycle 24. Our observation of the nighttime amplification effect in Dibrugarh and Okinawa (low mid-latitude stations) in December solstice is consistent with Chen et al. (2008) where they have reported the amplification effect in nighttime NmF2 in December solstice for low- and mid-latitude region. Most of the earlier workers (Liu et al. 2003; Ikubanni and Adeniyi 2013) have reported only the saturation effect in daytime NmF2 over low-latitude region. Ma et al. (2009) reported non-linear increasing (amplification) effect for mid- and high latitudes only. Chen and Liu (2010) also reported the likelihood of the amplification effect in the early morning sector for mid-latitude stations in March equinox. In this study, we have observed a tendency for non-linear increase or amplification of NmF2 in the forenoon and premidnight periods of March equinox. The result suggests that these two stations located in the transition region between low- and mid-latitudes may exhibit mid-latitude like behavior in the forenoon period before the full development and extension of the EIA to higher latitudes in the afternoon. In the midday period, the crest of the anomaly moves closer to Dibrugarh and Okinawa and low-latitude-like behavior is more likely. Therefore, the local time variation in the NmF2 solar activity trends may be related to the location of the two stations.[image: A40623_2015_355_Fig8_HTML.gif]
Fig. 8The diurnal and seasonal variations of non-linearity coefficient a
                                       2 obtained between NmF2 and solar EUV flux over Dibrugarh and Okinawa




                        
To interpret these local time and seasonal variation of solar activity trends, we discuss various factors influencing the electron density in low- and mid-latitude region. The daytime electron density is determined by the balance of production due to photoionization, recombination loss, and transport (Rishbeth and Garriot 1969). In addition to the effect of neutral dynamics, the transport due to equatorial fountain effect influences the midday electron density in low-latitude region near the anomaly crest. The equatorial anomaly starts to develop in the morning around 0900 LT but the crest in this period is closer to the equator (Sastri 1990). The anomaly reaches its peak strength during the postnoon period (1300–1600 LT) after a time lag of around 2–3 h from the time of the maximum electrojet strength (Rush and Richmond 1973). Therefore, the contribution of the transport process via fountain effect to the enhancement of NmF2 in the low-latitude region is less significant in the forenoon hours than in the midday hours. The E × B vertical drift which peaks around 1100 LT (Fejer et al. 1979; 2008) in the daytime low-latitude region can affect the density at a particular altitude but the daytime E × B vertical drift is almost the same for low and high solar flux conditions (Scherliess and Fejer 1999; Fejer et al. 2008). The variation of F2 layer height (hmF2) may also affect the variation trends of NmF2 with solar activity through the altitudinal dependency of solar activity effect (Su and Bailey 1999). In the forenoon period, the electron density in low mid-latitude stations like Dibrugarh/Okinawa would be mainly affected by the production-loss mechanism and the neutral dynamics. Therefore, the diurnal, seasonal, altitudinal, and solar activity variations of neutral composition, chemical reactions rates, and dynamics would affect the observed diurnal and seasonal variations of NmF2 solar activity effect.
The solar activity variation of neutral gas constituents as obtained from NRLMSISE model at the seasonally averaged height of F2 layer were examined for the period of study (2010–2014). Atomic oxygen O is the dominant constituent in the altitude range of the F2 layer peak density, and its concentration influences the production of ionization the most. Therefore, only the solar activity variation of the forenoon (1000 LT) concentration of atomic oxygen [O] (as representative of neutral composition) over Dibrugarh at the altitude of F2 layer for March equinox and September equinox conditions is shown in Fig. 9. The [O] increases non-linearly in March equinox and linearly in September equinox with solar EUV flux for the solar activity range of this study (F10.7 ~ 80–160 sfu, EUV ~ (2–4.5) E + 10 photons cm2 s1). The [O] in March equinox increases slowly from low to moderate solar activity and increases at a relatively faster rate for moderate to high solar activity. The [O] seems to vary linearly in September equinox where the forenoon averaged hmF2 varies from 270 to 320 km (“The diurnal and seasonal variations of hmF2 at Dibrugarh and Okinawa” section) with solar activity and non-linearly in March equinox where the forenoon averaged hmF2 varies from 325 to 370 km with solar activity. The amplification tendency in the forenoon period of March equinox and its absence in September equinox may be related to the altitudinal difference of solar activity effect on atomic oxygen concentration. The [O] was found to increase linearly in the solstices. Therefore, the faster buildup of [O] during high solar activity March equinox would increase NmF2 faster due to increased production. The local time variation of [O]/[N2] ratio at the altitude of F2 layer also shows a peak in the forenoon period of March equinox for low mid-latitude region (Chen and Liu 2010). The non-linear increase of [O] with solar activity is also observed in the midday period-afternoon period (not shown), but in the midday period, only linear (solstice) or saturation (equinox) trend of NmF2 is observed over Dibrugarh. The local time variation of [O]/[N2] and the thermospheric temperature may be related to the different trends in NmF2 in the forenoon and the afternoon periods. Higher temperature in the midday would raise molecular neutral density at F2 layer height thereby increasing the recombination loss. Therefore, in addition to neutral composition, the loss due to recombination also needs to be investigated for solar activity dependence. The electron density is lost through chemical recombination process mainly via the following two reactions:[image: A40623_2015_355_Fig9_HTML.gif]
Fig. 9The scatter plot showing the solar activity variation of forenoon atomic oxygen concentration over Dibrugarh obtained from NRLMSISE model during August 2010–July, 2014
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The reaction rates for these two process decreases with increase in effective temperature T
                           F((7Ti + 4Tn/11) for temperature lower than 1100 K (Hierl et al. 1997; Su and Bailey 1999). The rate of the first equation reverses trend and starts increasing, and the rate of the second equation becomes almost constant as temperature increases beyond 1100 K. Figure 10 shows the variation of effective temperature with solar activity for the period of 2010–2014 in the forenoon (1000 LT) and afternoon periods (1600 LT), respectively. The neutral and ion temperature are obtained from NRLMSISE and IRI, respectively. The effective temperature in the forenoon period increases with solar activity but remains below 1100 K, whereas in the midday-afternoon period, it shoots past 1100 K when solar activity is high. Therefore, when solar activity increases, the chemical reaction rates and loss due to recombination would be reduced in the forenoon hours but enhanced in the afternoon period. The reduction of recombination loss rate with the increase in solar activity would help to increase the NmF2 in the forenoon hours. Therefore, the decreasing loss rates along with non-linear increase (amplification) of neutral composition with solar activity could contribute to the amplification trend of forenoon NmF2 from low to moderately high solar activity condition during 2010–2014. The reverse case of increased loss rate in the postnoon period could contribute to midday saturation effect in NmF2. Mikhailov and Perrone (2011) have also attributed the variation of recombination loss coefficient via temperature dependence as the cause of non-linear variation of NmF2 in mid-latitude region. If the solar activity is higher than 160 sfu (as in previous cycles like 23/22), the rate of increase of neutral parameters with solar activity decreases in the high solar activity end (Su and Bailey 1999), and the temperature even in the forenoon period would be more than 1100 K in high solar activity period. In that case, loss due to recombination would increase in high solar activity levels and the NmF2 is less likely to show amplification in the forenoon hours. Therefore, the manifestation of the amplification effect in the forenoon NmF2 may also be a consequence of moderately high level of solar activity (monthly average F10.7 ~ 150 sfu) during the maximum of solar cycle 24. In the noon and postnoon periods, the transport of ionization from equator due to fountain effect would become very significant over low-latitude region. The development of the EIA and the subsequent extension of the EIA crest to higher latitudes would probably influence the midday and afternoon electron density over Dibrugarh and Okinawa. The daily fountain effect may be related to the midday saturation effect in March equinox as higher density in March equinox could help in NmF2 being saturated with solar activity (Liu et al. 2003). Chen and Liu (2010) also observed the strongest saturation effect in the afternoon of equinox in anomaly crest region and suggested a relationship with equatorial vertical E × B drift. The daytime EIA in solstice is weak, and the crests are closer to the equator (Bhuyan et al. 2003) which may explain the lack of saturation effect in June and December solstices over Dibrugarh. Liu et al. (2006) have shown that neutral composition change and the dynamical effect through the solar activity dependence of hmF2 can also contribute to the NmF2 saturation effect. Therefore, the seasonal difference in midday saturation trend observed in this study may be due to the seasonal variation of neutral composition, thermospheric circulation, temperature, and equatorial electrodynamics. In the postsunset period, production due to photoionization ceases and the F2 layer decays slowly due to chemical recombination. In the low-latitude region, ionization may be transported from equator due to PRE when the zonal electric field is greatly enhanced before reversing its direction from eastward in the daytime to westward in the nighttime. The diurnal variation of seasonally averaged NmF2 in high solar activity period of March equinox and December solstice (Fig. 2) exhibits a plateau or minor peak in the postsunset period around 1900–2000 LT, while in low solar activity period, the evening NmF2 decreases gradually. The evening enhancement in NmF2 (Rao 1963b) is probably related to the strength of PRE which increases with solar activity (Fejer et al. 1979; Scherliess and Fejer 1999). The enhanced electric field also results in enhanced E × B vertical drift and increased altitude of the F2 layer in postsunset period. The amplification effect in December solstice is observed earlier (~1900 LT) as compared to the March equinox (2000 LT) and coincides with the short duration rise of the F2 layer (Fig. 8). This hints at possible role of height rise due to the PRE in the amplification effect. Therefore, the solar activity variation of postsunset fountain effect and evening height rise via reduced recombination at higher altitudes (Chen et al. 2008) may contribute to increase the postsunset NmF2 non-linearly. The difference in the trends of NmF2 solar activity variation between Dibrugarh and Okinawa may be caused by the longitudinal variation of neutral composition (Oberheide and Forbes 2008; He et al. 2010), temperature (Shepherd et al. 2012), and E × B drifts (Kil et al. 2007). The study of solar activity variation of NmF2 and the winter anomaly (“Diurnal and seasonal variations of NmF2” section) have revealed that the forenoon period NmF2 behaves differently from the midday NmF2. In Fig. 11, we have plotted the monthly average of 1000 LT NmF2, the monthly average of daytime maximum NmF2, and the monthly average F10.7 cm flux value for the period of the study. The 1000 LT monthly average NmF2 follows F10.7 cm flux closely and mirrors the double-peak structure in solar activity whereas the daytime maximum NmF2 does not. Therefore, we suggest that the forenoon NmF2 in low mid-latitude region is a more sensitive indicator of solar activity variation than the daytime maximum NmF2, and this feature may be useful in empirical modeling studies.[image: A40623_2015_355_Fig10_HTML.gif]
Fig. 10The scatter plot showing the solar activity variation of effective temperature over Dibrugarh at 1000 LT and 1600 LT calculated with inputs from NRLMSISE and IRI model during the period of August 2010–July 2014
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Fig. 11Double peak in solar proxy F10.7P and monthly mean NmF2 for the period of August 2010–July 2014




                        

The variation of NmF2 with equatorial electrojet strength
We observed that the forenoon NmF2 is better correlated with solar activity than noon time NmF2. Therefore, to examine the effect of the other dominant mechanism at the low latitude, i.e., electrojet, the variation of hourly NmF2 with maximum electrojet strength over Dibrugarh and Okinawa was investigated for the period of August 2010 till December 2012. The correlation of NmF2 measured at Dibrugarh is high from noon to evening period, whereas for Okinawa, the correlation in the postnoon period is not significant. The variation of midday maximum NmF2 with maximum EEJ for Dibrugarh and Okinawa is shown in Fig. 12. The good correlation of NmF2 with EEJ suggests that in the midday period, electrodynamics is a dominant factor in low latitude. Based on this conjecture, we have examined the joint effect of solar activity and electrojet on midday NmF2 over Dibrugarh and Okinawa by forming a new solar-electromagnetic weighted mean index called low-latitude index which is composed of solar activity proxy F107P and maximum electrojet strength., i.e., LowLatIndex = w
                           s × F107P + w
                           e × EEJ where w
                           s and w
                           e are weights for solar activity and electrojet, respectively. Initially, the weights w
                           s and w
                           e are assumed as 0.5 and the correlation of the index with daily NmF2 is studied. The weights are changed in small steps till the best correlation is achieved. The final estimated values of w
                           s and w
                           e signify the relative contribution of solar flux and EEJ to NmF2 variations. The weights w
                           s and w
                           e for Dibrugarh are found to be 0.3 and 0.7, respectively, whereas both the weights for Okinawa are estimated at 0.5. The variation of noon time maximum NmF2 with the LowLatIndex is shown in Fig. 13. The EEJ data period in the figure for Okinawa is August 2010 to April 2014 and for Dibrugarh is August 2010 to December 2012. The midday NmF2 over both the stations shows better correlation with LowLatIndex than with EEJ or solar flux. Therefore, we may suggest that in determining the midday maximum NmF2 over Dibrugarh, the electrojet is relatively more influential than the solar flux but the electrojet and the solar flux are equally important over Okinawa. The daytime WN4 structure in EEJ (England et al. 2006) and the strongest in EEJ peak in 100° E (Lühr et al. 2008) could be the reason for the relatively stronger effect of EEJ over Dibrugarh as compared to that of Okinawa. Further study with a larger data set is required in this direction.[image: A40623_2015_355_Fig12_HTML.gif]
Fig. 12The scatter plot showing the variation of noon time maximum NmF2 with diurnal maximum EEJ over Dibrugarh and Okinawa
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Fig. 13The scatter plot showing the variation of noontime maximum NmF2 with proposed low latitude index over Dibrugarh and Okinawa




                        

The diurnal and seasonal variations of hmF2 at Dibrugarh and Okinawa
The local time variation and the seasonal average hmF2 for Dibrugarh and Okinawa are presented in Fig. 14. From the figure, it is observed that in low solar activity, the hmF2 over the two stations are almost similar in December solstice. In June solstice and September equinox, hmF2 at Dibrugarh is slightly higher than that of Okinawa during the first half and lower in the second half of the day. In March equinox, nighttime hmF2 over Okinawa is higher than that of Dibrugarh only in the pre-midnight period. Postsunset height rise is observed clearly in December solstice months around 1900 LT. In high solar activity period, the daytime hmF2 over Dibrugarh is significantly higher than that of Okinawa in all seasons, whereas nighttime hmF2 over Dibrugarh is lower than that of Okinawa in June solstice and September equinox. The trends of the ∆hmF2 (hmF2dib − hmF2oki) are similar to that of ∆NmF2 in some respect but ∆hmF2 peaks earlier local time as compared to ∆NmF2. The general trend is of higher values over Dibrugarh in the first half of the daytime and lower values in the second half that could be due to the eastward movement of the WN4 structure in the altitude of the F2 layer (Lin et al. 2007b). The higher daytime hmF2 compared to that in the nighttime in all seasons except December solstice and the local time variation of ∆hmF2 suggest that the hmF2 variations may be influenced by the vertical electromagnetic drift which is upward by day and downward by night (Rishbeth et al. 2000). The hmF2 is also affected by neutral winds, diffusion and recombination. In low latitudes, vertical E × B drifts is significant whereas in mid-latitudes, meridional winds become more dominant in controlling the hmF2 [Stubbe and Chandra 1970; Bramley and Ruster 1971; Rishbeth 1971]. It is observed that from around 1900–2000 LT till midnight, the hmF2 tends to increase due to the equator ward meridional winds at night, which pushes the ionization up along the magnetic field lines. Winds could be a dominant factor in Dibrugarh (magnetic dip ~43°, declination ~−0.49°) and Okinawa (magnetic dip ~42°, declination ~−5°) because at 45° magnetic dip, winds produce the maximum effect in height (Titheridge 1995). The hmF2 falls after midnight due to the combined effect of meridional wind, electromagnetic drift, and ambipolar diffusion (Gong et al. 2012). Significant seasonal variation of the diurnal variation of hmF2 is observed in both the stations. From Fig. 14, it is seen that the hmF2 in June solstice and March equinox are higher than those in September equinox and December solstice. The diurnal maximum hmF2 is observed before noon in June solstice and around noon in equinox. These results are also consistent with the earlier observations (Mayr and Mahajan 1971; Sethi et al. 2004). The probable cause of the June–December solstice asymmetry may be the summer to winter interhemispheric neutral winds which would move the ionization along and up the magnetic field lines towards the equator in June solstice and down the field lines towards the pole in December solstice. The high values of hmF2 during March equinox may be caused by higher vertical E × B drift in March equinox (Hazarika and Bhuyan 2014) as well as higher thermospheric temperature (Rishbeth 2004). On the average, a June solstice to December solstice difference of 90 km is observed in daytime hmF2 but the difference is less perceptible in the nighttime. In December solstice, the midnight values of hmF2 are higher than those of daytime maximum hmF2 and this behavior is reminiscent of mid-latitude stations (Mikhailov and Marin 2001; Liu et al. 2007b; Ratovsky and Oinats 2009). It has been reported by number of workers that in the Indian zone, the crest of the EIA recedes in December solstice to ~10° N geomagnetic (Rastogi et al. 1972; Bhuyan et al. 2003; Chakrabarty and Hajra 2009). From the analysis, we may suggest that during December solstice, Dibrugarh/Okinawa behave like mid-latitude stations, whereas in other seasons, they behave more like low-latitude stations. It appears that the hmF2 variations reflect the dynamics of the F2 layer over Dibrugarh and Okinawa as a complex interplay between the vertical E × B drift, temperature, and the meridional neutral winds.[image: A40623_2015_355_Fig14_HTML.gif]
Fig. 14The seasonal variation of diurnal hmF2 over Dibrugarh and Okinawa for a low (September 2010–Aug 2011) and b high solar activity (September 2011–April 2014). The error bars indicate the standard deviation of the data




                        

The variation of hmF2 with solar activity and electrojet
The variation of quiet day’s hmF2 with the solar activity for the period of September 2010 till April 2014 was examined. Variation of midday hmF2 over Dibrugarh and Okinawa with solar EUV flux and F10.7P is shown in Fig. 15. The correlation of daytime hmF2 over Okinawa with solar activity is relatively poor as compared to that of Dibrugarh. The correlation is highly dependent on season, and the highest and lowest correlations are observed in March equinox and June solstice, respectively. The higher thermospheric turbulence and transequatorial winds may have affected the solar activity correlation during June solstice.[image: A40623_2015_355_Fig15_HTML.gif]
Fig. 15The scatter plot showing the variation of the midday hmF2 with solar activity




                        
The effect of electrojet on hmF2 over Dibrugarh and Okinawa was compared, and the result is presented in Fig. 16. The correlation of hmF2 over Dibrugarh with electrojet strength varied over the day, and the best correlation (r ~ 0.57) was observed for 1400 LT. In the case of Okinawa, correlation of hmF2 with daytime EEJ is not significant. The longitudinal difference in E × B vertical drift (Kil et al. 2007), temperature (Shepherd et al. 2012), and winds may be related to the difference in hmF2 correlations between Dibrugarh and Okinawa. The variation of hmF2 with NmF2 low-latitude index was investigated, but no significant improvement in correlation was observed.[image: A40623_2015_355_Fig16_HTML.gif]
Fig. 16The scatter plot showing the variation of the midday hmF2 with EEJ




                        


Conclusion
NmF2 and hmF2 measured with a CADI over Dibrugarh at the northern edge of the EIA and within the daytime highest peak of the WN4 structure are studied and compared with that of Okinawa where the nighttime WN4 peak is observed. The simultaneous measurements from Dibrugarh and Okinawa are used to study the local time evolution and eastward propagation of the WN4 structure between 95° E and 127° E. The diurnal and seasonal variations of the correlation of NmF2 are suggestive of the physical mechanisms controlling the F2 layer in the low mid-latitude region which change with local time and from season to season. In the morning to forenoon period, the solar flux and neutral composition/thermospheric dynamics is more important than EEJ. Equatorial anomaly and the WN4 structure start to develop in the forenoon, and from then on, the contribution of electrodynamical process also becomes significant. The F2 layer characteristics over the two stations which are in the same geomagnetic latitude but different longitude respond differently to the solar flux and EEJ variations. The longitudinal WN4 structures play a crucial role in shaping the F2 layer characteristics in these stations.
The results are summarized below:	The winter anomaly in NmF2 over Dibrugarh is absent in low solar activity levels and is manifested in moderate to high solar activity levels only.

	The eastward propagation speed of the WN4 structure estimated from local time difference of NmF2 is found to be about 4.3°/h in low solar activity period and about 3.2°/h in high solar activity period.

	The correlation of NmF2 with solar EUV flux/F10.7P exhibits diurnal variation with maximum in the forenoon hours. The degree of correlation of NmF2 with solar activity and its diurnal variation exhibit seasonal dependence. Correlation is highest in equinox, especially in March equinox. The forenoon NmF2 is more sensitive to solar flux variations than the midday NmF2 in low mid-latitude region.

	The NmF2 in March equinox exhibits a tendency for amplification with solar activity in the forenoon and postsunset periods. The NmF2 in the midday period of equinox is more likely to saturate with solar activity. Amplification is also observed in the postsunset period of December solstice. The forenoon amplification effect may be a manifestation of unique location of the two stations and the moderate level of solar activity in the maximum of solar cycle 24. Further study involving a larger data set will probably validate these results.

	The influence of EEJ in determining the midday NmF2 is relatively stronger over Dibrugarh than over Okinawa, and the result may be attributed to the longitudinal wave structure in EEJ.

	A new composite weighted mean index of F10.7P and EEJ is proposed for low-latitude region. The midday maximum NmF2 is shown to exhibit better correlation with this new index.
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