Gravity wave type disturbances observed in the ionosphere during the solar eclipse of 11 August 1999
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Abstract.  We use the electron density profiles from Observatori de l'Ebre (40.8(N, 0.5(E) of the ionospheric sounding campaign during the solar eclipse of 11 August 1999 in order to investigate the possible ionospheric disturbances generated by the eclipse. We find a gravity wave type disturbance in the ionosphere with a dominant oscillating period of 57 minutes that occurs after the maximum of solar occultation by the Moon. The wave event arises near the altitude of the F1 ionisation maximum and draws energy upwards and downwards simultaneously.
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1. Introduction


The observations of the ionospheric characteristics during a solar eclipse are an important contribution to study the transitory disturbances due to the decreasing and increasing of the solar ionising radiation. The ionospheric campaigns during solar eclipse allow us to study the source-response relationships between the production and loss mechanisms, dynamics as well as the arising of atmospheric gravity waves (AGW). During a solar eclipse, the Moon's umbra projected over the Earth's atmosphere propagates at supersonic speed (>Mach 2) and the linked atmospheric cooling acts as a bow wave that may generate ionospheric disturbances with characteristics similar to those of TID's and AGW (Davis, 1990). Evidence of AGW in the ionosphere induced by solar eclipse have been shown (Cheng et al., 1992), and a rapid sequence of ionograms has been used to derive vertical propagation of AGW into the ionosphere (Liu et al., 1998).


The purpose of this paper is to study the ionospheric disturbances observed during the solar eclipse of 11 August 1999 in order to find the existence of gravity wave type oscillations in the ionospheric plasma and to locate their possible source of origin.


2. Data, analysis and methodology


We use the data of the Observatori de l'Ebre station (40.8(N, 0.5(E) that made an ionospheric campaign of vertical soundings at a five minutes time sequence from 10 to 12 of August 1999. Using the ionograms' inversion technique described by Huang and Reinisch (1996), we obtain the true height plasma frequency profiles (equivalent to the electron density profiles) from the base of the E-layer ((90 km) to the altitude of the F2-layer ionisation maximum ((250 km). The profiles were calculated with an altitude step of 2.5 km, and from the profiles we obtain two time series. One of them is that of plasma frequency at fixed altitudes, from which we may study the changes of the electron density as a function of time and altitude. The other time series is that of altitudes at fixed frequencies of sounding, from which we may evaluate the dynamics as a function of the altitude and time.


To investigate the time-altitude dependence of the gravity wave type disturbances in the ionospheric plasma we use statistical methods based on the high spectral resolution harmonic analysis described by Kuklin in (Vitinsky et al., 1986). By using a similar methodology as described in (Altadill and Apostolov, 1998): 1) we search for time intervals when large activity of oscillation exists, 2) we assume that such an oscillation activity has starting and ending times (ti and tf respectively) and that it behaves as a wave packet formed by the harmonics into a periodic range between the periods Ti and Tf, and 3) we choose those time intervals [ti, tf] that display statistically significant amplitudes into the periodic range [Ti, Tf]. We assume as statistically significant those harmonics that have a probability of existence larger than 90% in the considered time interval.


Then, the time series of plasma frequency fp at an altitude h may be expressed as:


	�EMBED Equation.3���	(1)


where F0 is the mean plasma frequency for the time interval [ti, tf], (j=2(/Tj are the angular frequencies corresponding to the significant periods Tj into the periodic range [Ti, Tf].


Because we are interested in the plasma frequency variations around a zero mean, equation (1) may be extended to the entire altitude range:


	�EMBED Equation.3���	(2)


where Cj(h)=(Aj2+Bj2)1/2 and (j(h)=arctg(Bj/Aj) are respectively the amplitude and phase of the harmonic Tj at altitude h.


Assuming that the harmonic Tj is present and physically consistent in the entire altitude range, then the harmonic analysis should provide a smooth function (j(h). Having in mind the above mentioned fact, simple calculations enable us to obtain the vertical wave number of the harmonic Tj (nj), its phase velocity (v(j) and the vertical group velocity of the wave packet (vg):


	�EMBED Equation.3���	(3)


The same procedure is applied to the time series of the altitudes at fixed frequencies of sounding and equations (2) and (3) are applicable for the time series of (h(t, h) as well.


3. Results


The solar eclipse of 11 August 1999 as seen from Observatori de l'Ebre had its first contact at 8:58 UT, it reached its maximum magnitude (0.75) at 10:18 UT and the fourth contact occurred at 11:43 UT. Fig. 1 displays the temporal variations of the row data for the plasma frequency at fixed heights and for the altitude at fixed frequencies of sounding from 6:00 to 18:00 UT. From Fig. 1 we observe as a main trend that the plasma frequencies (or electron densities) decrease during the time interval from 9:00 to 10:30 UT approximately and they increase during the interval from 10:30 to 12:00 UT. On the other hand, the altitudes at fixed frequencies increase during the interval from 9:00 to 10:30 UT and decrease during the time interval from 10:30 to 12:00 UT. This main trend was expected because of the photoionisation decreases during the occultation of the solar disc by the Moon and it increases after its maximum occultation. This fact is valid for the ionospheric E and F1 layers (~90-200 km) where photochemical processes and solar control are dominant, but not for the F2-layer where dynamics play the most important roll. Then as the photoionisation decreases the loss mechanisms provide a decreasing of the electron density and the altitude of reflection for a fixed frequency should be higher, and the opposite happens when the photoionisation increases during the de-occultation of the solar disc.


�


Fig.1.  Temporal variations of the plasma frequency at indicated altitudes (left) and of the reflection altitude at indicated sounding frequencies (right).


	Beside to this main trend, we observe in Fig. 1 also several oscillations in both time series that approximately began around 11:30 and ended at 17:00 UT. Nearly 6 maxima recurrences during a time interval of 6 hours can be seen that leads a period around 1 hour. Fig. 2 displays the amplitude spectra before the solar eclipse maximum and after that for the plasma frequencies at fixed heights and Fig. 3 shows the amplitude spectra for the altitudes at fixed frequencies. From Figs. 2 and 3 we clearly observe the different spectral behaviour of the time series before and after the solar eclipse. Whereas a narrow peak statistically significant near a period of 57-58 minutes is observed after the solar eclipse maximum in both time series (right plots of Figs 2 and 3), the amplitude spectra before the solar eclipse display no spectral peaks with a probability of existence greater than 90%. Moreover not coincident peaks between the two time series may be clearly distinguished (left plots of Figs 2 and 3).
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Fig.2.  Amplitude spectra of the plasma frequency at fixed heights before the solar eclipse maximum (left) and after that (right) for the indicated altitudes. Thin lines in the right plot are the 0.9 confidence level.


By applying the aforementioned methodology, we found a statistically significant and physically consistent wave packet event for both time series in the altitude range from 150 to 250 km during the time interval from ti=11:00 to tf=7:00 UT. Such a wave packet is assumed to be formed by the statistically significant periods from Ti=54 to Tf=61 minutes and it has a mean dominant period T =57 min. Fig. 4 shows the results of the vertical phase and group velocities of such a wave event as observed from both time series. The positive velocities are upwards and the negative downwards. We observe that in the altitude range from 150 to 200 km (approximately) the phase velocities are upwards (v( ~ 50 - 150 m/s) and the group velocities are downwards (vg ~ (1 - (15 m/s). The opposite occurs in the altitude range from 200 to near 250 km where the phase velocities are downwards (v( ~ (50 - (150 m/s) and the group velocities are upwards (vg ~ 5 - 25 m/s). As the group velocity indicates the direction of the energy propagation, these results indicate that such an event is originated around the 200 km altitude and draw energy upwards and downwards simultaneously. Moreover, we found that the phase progression is opposite to the energy propagation, that is a typical fact of the gravity waves.


�


Fig.3.  As Fig.2 but for the altitudes at indicated sounding frequencies.


�


Fig.4.  See in the left the vertical phase velocities of the harmonic T = 57 min. from the plasma frequency variations (open triangles) and from the altitude variations (solid dots). The right plot shows the vertical group velocities of the wave packet as seen from the plasma frequency (open triangles) and from the altitudes (solid dots).


From these results we may say that the solar eclipse of 11 August 1999 generated gravity wave type ionospheric disturbances and their source origin is located near the 200 km altitude.


4. Summary and concluding remarks


We have studied the time-height dependence of the ionospheric electron density and altitude variations during the solar eclipse of 11 August 1999 as observed from the true height electron density profiles recorded at the Observatori de l'Ebre station. We have found an ionospheric disturbance event gravity wave type that begins after the maximum of solar occultation. Such an event is clearly seen from both time series under study (plasma frequency and altitude variations) in the altitude range from 150 to 250 km and it has a dominant oscillating period T=57 min. The source origin of this event is located around the 200 km altitude, where the F1-layer ionisation peak takes place approximately during the time interval when such an event occurs. From this altitude the wave propagates vertically drawing energy upwards and downwards. Because such an event is observed from the plasma frequency (or electron density) variations as well as from the altitude variations, we assume that the wave packet observed here may be caused by the changes of the photoionisation and dynamical processes of the ionosphere during the solar eclipse. The decreasing and increasing of the photoionisation during the solar eclipse acts as an oscillatory source that may generate such waves in the electron density. Moreover, the cooling/heating processes linked with the decreasing/increasing solar ionising radiation during an eclipse lead to a reduction/augment of the scale height for both plasma and neutrals resulting a downwards/upwards motion of plasma and neutrals as well as of F1 production peak and of the transition level between F1 and F2 layers, that acts as a source of oscillations in the dynamics of the ionosphere.
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Ñìóùåíèÿ, ïðåäèçâèêàíè îò ãðàâèòàöèîííè âúëíè íàáëþäàâàíè â éîíîñôåðàòà ïî âðåìå íà ñëúí÷åâîòî çàòúìíåíèå íà 11 àâãóñò 1999 ã.


Ä. Àëòàäèë, Æ. Ã. Ñîëå, Å. Àïîñòîëîâ


Ðåçþìå.  Èçïîëçâàìå âèñî÷èííèòå ïðîôèëè íà åëåêòðîííàòà êîíöåíòðàöèÿ îò îáñåðâàòîðèÿ Åáðî (40.80 N, 0.50Å) îò êàìïàíèÿòà çà éîíîñôåðíî ñîíäèðàíå ïî âðåìå íà ñëúí÷åâîòî çàòúìíåíèå îò 11 àâãóñò 1999 ñ öåë çà èçñëåäâàíå íà âúçìîæíèòå éîíîñôåðíè ñìóùåíèÿ, ãåíåðèðàíè îò çàòúìíåíèåòî. Óñòàíîâèõìå ñìóùåíèå ñ õàðàêòåð íà ãðàâèòàöèîííè âúëíè â éîíîñôåðàòà ñ äîìèíèðàù îñöèëèðàù ïåðèîä îò 57 ìèí., êîåòî çàïî÷âà ñëåä ìàêñèìóìà íà ñëúí÷åâàòà îêóëòàöèÿ îò Ëóíàòà. Âúëíîâîòî ÿâëåíèå ñå çàðàæäà íà âèñî÷èíàòà íà éîíèçàöèîííèÿ ìàêñèìóì íà F1 è åíåðãèÿòà ñå ðàçïðîñòðàíÿâà åäíîâðåìåííî âúçõîäÿùî è íèçõîäÿùî.
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