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THE PURPOSE 

The purpose of the report is to present the results
of experimental and simulation studies of variations in
ionospheric plasma parameters, dynamic and thermal
processes in the ionosphere during a partial solar
eclipse (SE) March 20, 2015 above Kharkov
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Practical importance and urgency

The solar eclipse is one of the unique events in
Geospace.

Observation, analysis, interpretation and simulation
of variations in geospace plasma parameters, dynamic
and thermal processes in the ionosphere during the SE
is one of the topical problems of modern radiophysics
and geophysics.
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Instruments for the ionospheric plasma parameters

measuring
The incoherent scatter radar of Institute of Ionosphere and digital 

ionosonde of V. N. Karazin Kharkiv National University were used for 

observation of ionospheric effects caused by the SE.

• Geomagnetic coordinates Φ = 45.4; Λ = 117.7
• Geographical coordinates         49.6 N; 36.3 E
• Operating frequency 158 MHz
• Pulse power        2 MW
• Effective area of the antenna 3700 m2

• Pulse repetition frequency 24.4 Hz
• Polarization circular 
• Operating mode dual frequency
• Duration of sounding pulses 660 и 135 µs

• Frequency range   1-16 MHz
• Pulse power        1.5 kW



Measured parameters and accuracy 

of their determination
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The measured parameters of the ionosphere using the IS radar and

ionosonde (including parameters to study the dynamic and thermal

processes in the ionosphere):

• electron density, Ne

• ion temperature, Ti

• electron temperature, Te

• vertical component of the ionospheric plasma movement velocity, Vz .

They are determined for a number of ionospheric heights 

simultaneously  from the measured quadrature components of the 

IS signal complex correlation function.

Errors in determination of ionospheric parameters for heights of 200-600 km : the critical 
frequency foF2 - 0.05 MHz, the electron density Ne and the Ti and Te temperatures - 1-10%, 
plasma drift velocity Vz 1-30 m/s depending on the altitude, time of day and the state of 
the ionosphere. 



Basic theoretical relations
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The longitudinal component of the tensor of the ambipolar diffusion

The plasma particle transport velocity due to ambipolar diffusion
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(5)(4)

The plasma temperature Plasma scale height

The neutral wind velocity

(6)
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The frequency of ion-neutral collisions
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(9)

Density of the heat flux

(8)

Energy supplying to the electron gas

(7)

Density of the total plasma flux
Density of the plasma flux due to ambipolar diffusion
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Space weather conditions

The SE occurred during the recovery phase of strong geomagnetic

storm, which took place on 17–18 March 2015 (Крmax=8). Geophysical

conditions during the eclipse were perturbed (Dst min≈–50 nТ, Кр=5,

Ар=24). Solar activity: F10.7=113.
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The SE of March 20, 2015 near Kharkiv occurred from 0909 to 1121 UT.

The maximal obscuration of the solar disk diameter and area (~0.44 and

0.54, respectively) took place at 1015 UT.

Date Ар F10.7 kp

29.03.2012 3 112 1 0 0 0 1 1 1 2

20.03.2013 9 108 2 2 2 1 2 2 3 3

19.03.2015 28 109 4 4 4 5 5 3 3 4

20.03.2015 24 113 5 3 5 3 3 3 3 5

21.03.2015 14 114 4 3 4 3 2 2 2 2

The impact of the storm did not allow to use observation data obtained in 

March 19 for comparison with data of the SE day. We chose March 20, 2013 and 

March 29, 2012 as the reference days. 



Variations in the critical frequency 

and F2-layer peak height 

Temporal variations in the critical frequency foF2 (top panel) and F2-layer peak height hmF2 (a) 

on the day of the SE of March 20, 2015 (b) and on the reference day of March 20, 2013 (dots). 

Here and below, vertical lines show the instants of the SE onset, main phase, and end.
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The ionospheric F2 peak height (zmF2) increased by 40 km at the 

moment of maximal solar obscuration.



Variations in the electron density

Temporal variations in the electron 

density N at fixed altitudes on the day 

of the SE of March 20, 2015 (solid 

line) and on the reference day of 

March 20, 2013 (dashed line)
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At altitudes of 190 and 210 km, 

reduction in electron density in 

the maximum phase of the 

eclipse was about 19 and 17%, 

respectively.



Variations in the electron and ion temperatures

Temporal variations in the electron temperature Te (a) and ion temperature Ti (b) 

at fixed altitudes on the day of the SE of March 20, 2015 (solid line) 

and on the reference day of March 20, 2013 (dashed line)

a b
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Reduction 

in the electron 

temperature in the SE 

maximum phase was 

12.1, 12, 17.7, 17, 19.5, 

19, 15.5, and 13.4% at 

the heights of 190, 

210, 240, 290, 340, 410, 

490, and 580 km, 

respectively.

The SE effects in the 

ion temperature 

variations appeared 

weak.



Height profiles of the vertical plasma drift velocity Vz before the SE (0900), 

during the SE (0915–1115) and after the SE (1215–1230)
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The results of observations of altitude variations in the vertical 

component of the ionosphere plasma drift velocity 

SE beginning Maximal SE phase SE end

0909 UT 1015 UT 1121 UT



Temporal variations in the vertical plasma drift velocity 

Temporal variations in the vertical plasma

drift velocity Vz at fixed altitudes on the day

of the SE of March 20, 2015 and on reference

days of March 29, 2012, March 20, 2013, and

March 19, 2015
14

At altitudes above 308 km, increase in the 

absolute values of the ionospheric plasma 

downward movement velocity was 

observed with its maximum near the SE 

maximal phase. The amount of change Vz

increased with increasing height, and the 

greatest change (relative to data of 

reference day and the average value of 

data before and after the SE) reached 19, 

28, 30, 43, and 55 m/s at altitudes of 363, 

418, 473, 528, and 583 km, respectively.



Temporal variations of the dynamical processes

Temporal variations in the vertical component of the plasma velocity Vd  due to 

ambipolar diffusion (a), in the vertical component of the plasma velocity w caused by 

the transfer of the neutral wind and in the meridional component Vnx of the neutral 

wind velocity at fixed altitudes on the day of the SE of March 20, 2015 (solid line) 

and on the reference day of March 20, 2013 (dots)
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а b

Changes in variations of 

diffusion velocity component 

were qualitatively similar to 

changes in Vz. Changes in 

variations of the neutral wind 

meridional component 

velocity and equivalent 

neutral wind during and after 

the SE reached 10–30 m/s.
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Temporal variations in the density of the plasma flux

Temporal variations in the density of the particle flux Πd due to 

ambipolar diffusion (a) and in the density of the total plasma flux 

Πp (b) at fixed altitudes on the day of the SE of March 20, 2015 

(solid line) and on the reference day of March 20, 2013 (dots)

a b

Change in the 

density of the 

ambipolar diffusion 

plasma flow was 

approximately 

0.4∙1012, 1.2∙1012, 

1.1∙1012, and 

0.8∙1012 m-2s-1 at 

heights of 250, 300, 

350, and 400 km 

respectively. The 

density of the total 

plasma flow 

changed by 

0.85∙1013, 0.77∙1013, 

1.16∙1013, 1.17∙1013, 

0.94∙1013, 0.77∙1013, 

0.91∙1013, and 

0.82∙1013 m-2s-1 at 

heights of 250, 300, 

350, 400, 450, 500, 

550, and 600 km, 

respectively.



Temporal variations in the parameters of thermal processes
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Temporal variations in the density of heat flux transferred by electrons 

ΠT (a) and in the density of the energy supplied to the electrons Q/N (b) 

at fixed altitudes on the day of the SE of March 20, 2015 (solid line) and 

on the reference day of March 20, 2013 (dots)

a b

Reducing the amount of 

the energy input into the 

electron gas Q/N at the 

moment of maximum 

obscuration of the solar 

disk was 32–34% at 

altitudes of 200–300 km. 

Reduction in the density 

of the heat flow carried by 

electrons from the 

plasmasphere to the 

ionosphere reached 63, 

50, and 42% at the 

heights of 300, 350, and 

400 km, respectively.



CONCLUSIONS

1. Peculiarity of the SE on March 20, 2015 was that it was observed on the background of
damped geospace storm. Nevertheless, SE effects were noticeable in the variations
ionosphere parameters.

2. It is found that the ionospheric F2 peak height increased by approximately 40 km (to a
value of 282 km) at the time of the solar obscuration maximum.

3. The SE effects in variations of the critical frequency foF2 and the electron density at the
maximum of the ionospheric F2 layer were significantly masked with ionospheric storm.
Critical frequency changes were insignificant (no more than 12%).

4. The SE effects in variations of the electron density were most noticeable in the altitude
range of 190-210 km. At altitudes of 190 and 210 km, reduction in electron density at the
moment of the SE maximum phase was about 19 and 17%, respectively.

5. Reduction in the electron temperature during maximum obscuration of the solar disk was
12.1, 12, 17.7, 17, 19.5, 19, 15.5, and 13.4% at the heights of 190, 210, 240, 290, 340, 410,
490, and 580 km, respectively.

6. The SE effects in the ion temperature variations appeared weak.

7. The SE led to a significant change in dynamic and thermal conditions in the ionosphere.

18



CONCLUSIONS

8. At altitudes above 308 km, increase in the absolute values of the ionospheric plasma
downward movement velocity Vz was observed with its maximum near the SE maximal
phase.

9. The amount of Vz change increased with increasing height, and the greatest change
(relative to data of reference day and the average value of data before and after the SE)
reached 19, 28, 30, 43, and 55 m/s at altitudes of 363, 418, 473, 528, and 583 km,
respectively.

10. Character of the height profile Vz(h) during the SE maximum phase is close to nature of the
night profile.

11. Change in the density of the ambipolar diffusion plasma flow was approximately 0.4∙1012,
1.2∙1012, 1.1∙1012, and 0.8∙1012 m-2s-1 at heights of 250, 300, 350, and 400 km
respectively. The density of the total plasma flow changed by 0.85∙1013, 0.77∙1013,
1.16∙1013, 1.17∙1013, 0.94∙1013, 0.77∙1013, 0.91∙1013, and 0.82∙1013 m-2s-1 at heights of
250, 300, 350, 400, 450, 500, 550, and 600 km, respectively.

12. Reduction in the density of the heat flow carried by electrons from the plasmasphere to
the ionosphere reached 63, 50, and 42% at the heights of 300, 350, and 400 km,
respectively.
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