University of
<> Reading

Influence of short-term solar disturbances
on the fair weather conduction current

Article
Published Version
Creative Commons: Attribution 3.0 (CC-BY)

Open Access

Elhalel, G., Yair, Y., Nicoll, K., Price, C., Reuveni, Y. and
Harrison, R. G. (2014) Influence of short-term solar
disturbances on the fair weather conduction current. Journal of
Space Weather and Space Climate, 4. A26. ISSN 2115-7251
doi: https://doi.org/10.1051/swsc/2014022 Available at
http://centaur.reading.ac.uk/37734/

It is advisable to refer to the publisher’s version if you intend to cite from the
work. See Guidance on citing.

Published version at: http://dx.doi.org/10.1051/swsc/2014022
To link to this article DOI: http://dx.doi.org/10.1051/swsc/2014022

Publisher: EDP Sciences

All outputs in CentAUR are protected by Intellectual Property Rights law,
including copyright law. Copyright and IPR is retained by the creators or other
copyright holders. Terms and conditions for use of this material are defined in
the End User Agreement.



http://centaur.reading.ac.uk/71187/10/CentAUR%20citing%20guide.pdf
http://centaur.reading.ac.uk/licence

University of
<> Reading

www.reading.ac.uk/centaur

CentAUR

Central Archive at the University of Reading

Reading’s research outputs online


http://www.reading.ac.uk/centaur

J. Space Weather Space Cli#n(2014) A26
DOI: 10.1051/swsc/2014022 SWSC

G. Elhalel et al., Published yDP Science2014

In[Buence of short-term solar disturbances on the fair weather
conduction current

Gal Elhalet, Yoav Yai>", Keri Nicoll*, Colin Pricé, Yuval Reuveni, and R. Giles Harrisén

1 Department of Geophysical, Atmospheric and Planetary Sciences, Tel-Aviv University, Israel

2 Department of Life and Natural Sciences, Open University of Israel, Israel

“Corresponding authoyoavya@openu.ac.il

Institute of Geophysics and Pleasantry Physics, Scripps Institute of Oceanography, San-Diego, USA
Department of Meteorology, University of Reading, UK

Interdisciplinary Center Herzliya (IDC), Israel

a A~ W

Received 15 September 2013 / Accepted 6 August 2014

ABSTRACT

The fair weather atmospheric electrical currdgtdouples the ionosphere to the lower atmosphere and thus provides a route by
which changes in solar activity can modify processes in the lower troposphere. This paper examines the temporal variations and
spectral characteristics of continuous measuremedicofhducted at the Wise Observatory in Mitzpe-Ramon, Israe3%30l,

34 45° E), during two large CMEs, and during periods of increased solar wind density.

Evidence is presented for the effects of geomagnetic storms and sub-storms on lowJjadituithgy two coronal mass ejections
(CMEsSs), on 24...25th October 2011 and 7...8th March 2012, when the variabilitgrgased by an order of magnitude compared

to normal fair weather conditions. The dynamic spectrum of the incréa&eduations exhibit peaks in the Pc5 frequency range.
Similar low frequency characteristics occur during periods of enhanced solar wind proton density. During the October 2011 event,
the periods of increased "uctuationsJiriasted for 7 h and coincided with "uctuations of the inter-planetary magnetic “eld (IMF)
detected by the ACE satellite. We suggest downward mapping of ionospheric electric “elds as a possible mechanism for the
increased "uctuations.

i of 2 at the southernmost balloon ab6.3 N during a solar

1. Introduction "are in 1984. The northern balloon at48.8 N showed no
The fair weather currendj, which "ows downward from the  response. More recentBelova et al. (2011analyzed measure-
ionosphere through the atmosphere in fair weather regionsments of the AEC (total atmospheric air-Earth electrical current)
(occurring over almost all of the Earthes area) to the Earthes surin Sweden during 35 large magnetic sub-storm events, “nding
face, is a good ground-based parameter for probing the ionoan increase in the AEC about 2 h befére 0 (de“ned as time
spheric potential (a potential difference of about 250 kV of minimum inBx), with an increase in the average "uctuations.
between the ionosphere and the surf&eroft & Harrison Belova explained the AEC increase as enhariggat the
2012. The main generators which contribute to the ionosphericground due to enhancement of the ionospheric “eld in the
potential and the Global Electric Circuit (GEC) are thunder- (solar) storm growth and expansion phases. Another possible
storms and electri“ed clouds, which transfer charge from cloudexplanation could be changes in atmospheric conductivity (
tops to the ionosphere. Two secondary generators are the iondn the local D region due to enhanced ionization. They attrib-
spheric tides and the solar wind/magnetospheric dynamauted the increased "uctuations to displacement current effects.
(Roble & Tzur 198% Isolating the in"uence of one of the gen- Most evidence for solar effects on atmospheric electricity has
erators onl, is a complex task due to the high variability of the come from high latitude regions; howevé@satkina et al.
parameters. An additional dif“culty arises from the large current (2009) demonstrated signi“cant (1000 V iy perturbations
variations resulting from the high sensitivityJfto local con- of the atmospheric electric “eld during three ground level
ductivity changes due to variations in aerosol concentration ancevents (solar energetic particle events in which particles have
other local disturbances such as wind, fog and rairfBalhigett suf‘cient energy to penetrate to the surface and are detected
& Harrison 2007a by neutron monitors) at three different zones of magnetic lati-

Short-term solar disturbances such as Coronal Masgude (polar cap, auroral zone, and mid-latitude), close to the
Ejections (CMEs) and Solar Energetic Particle (SEP) eventsfime of the causative solar "are.
involving energetic particle precipitation and large scale iono-  Another ground-based method for studying the coupling
spheric disturbances have been shown to in"udaead the between the magnetosphere and the mid and low atmosphere
downward pointing fair-weather electric “eld or Potential is by measurement of Ultra Low Frequency (ULF) magnetic
Gradient (PG). For instan€eobb (1967)pbserved an increase pulsations Kangas et al. 200IMMcPherron 2006 They result
in PG andJ, of 10% during periods of solar "ares, compared to from the interaction of the solar wind and Earthes magneto-
~quiet Sune days, while Reiter (1989) observed much largersphere, and are a manifestation of ULF plasma waves in the
increases i, of about 50%...60% following large solar "ares magnetosphere. The magnetic ULF pulsations occur at frequen-
at the Zugspitze station in the Alps. Multiple balloon launches cies of 1 mHz...3 Hz and are classi“ed into subgroups accord-
at two different magnetic latitudes Ijolzworth & Norville ing to their waveform; continuous or irregular, and their
(1987) have also shown an enhancementlpby a factor frequency range. The occurrence of the pulsation at a speci‘c
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site on Earth depends on the solar wind dynamic pressure an
the southward pointing magnetic "u&giffer et al. 200% High
latitude ionospheric electric “eld measurements of the pulsa-
tions are made using the Super Dual Aurora Radar Network
(superDARN; Buchert et al. 199&hisham et al. 20Q7Bal-
loon measurements of electric ULF pulsations have also beel
made in the Antarctic bBering et al. (2012)

In this paper we study the time variations and spectral char-
acteristics ofl, measured at Mitzpe-Ramon, Israel G& N,
34 45°E) during two large CMEs and during periods of
increased solar wind density. We present evidence for the
in"uence of solar wind disturbances dp and relate the low
frequency characteristics to magnetospheric ULF waves.

Z

2. Instrumentation and data analysis _ - o .
Y Figure 1. The GDACCS current density sensors at Mitzpe Ramon,

J, is measured at Mitzpe-Ramon by the Geometrical Displace-Negev desert, Israel.

ment and Conductance Current Sensor (GDACCS), which is

composed of two metallic plates, one corrugated and the .

other "at Fig. 1). Each plate measures the total vertical current, 3-1- Normal conditions: effects of local meteorology
which is composed of contributions fradp the displacement
current and turbulent current. The sensorse unique geometr
enablesJ, to be separated from the other currents, with
proportional to the difference between the currents measure
gﬁdﬂi}ti (gvggr;tliif%anA bcée;gﬂicé ;eessggtgnl_‘gl;ritsr; (GZ%QSC)CS manifested jn increasingly stronger winds from 0900 LT_ until
The GDACCS is located at the remote Wise Astronomi- 2900 LT, with a maximum around 1800 LT (Local Time,
cal Observatory near the town of Mitzpe Ramon, Israel LT = UT + 2 hours). Quite often, these North-Western winds
30.6080 N, 34.8030 E. The sensors are placed on a "at &'¢ 9usty and they carry dust and salt particles along their
15m- 1.5m concrete surface, so that the plates aremIand trajectory. The sea breeze_also brl_ngs moisture that
"ush with the ground, 150 m from the observatory dome. gradually increases the local relative humidity after sunset,

The signal is passed in a differential mode to the computer atsometimes reaching saturation and creating fog. At night, winds

the observatory, sampled at 250 Hz with a GPS time stampare much weaker and have a southeasterly component, re”ect-

every 1 s ing the land breezeréir & Ziv 2013).

A meteorological station, measuring the wind speed and., . IT order to investigate the effects of solar disturbancds on
direction, relative humidity and precipitation at a sampling 't IS TSt necessary to characterize its behavior during normal,
frequency of 1 min®, is located 200 m from the GDACCS, Undisturbed conditiongigure 2shows the typical diurnal pat-

In addition, two magnetic induction coils and one vertical tern of J, wind and relative humidity during the spring months

electric “eld ball-antenna measure the ELF/ULF signals at the®f 2011. A clear diurnal variation is seenlin(blue dots), with
site Greenberg et al. 2007 a maximum in the afternoon, and minimum in the early hours

of the morning.
The raw 250 Hz corrugated and "at plate current values are Th tg dominant met logical disturb in MR i
“rst averaged over 1 min sections. The data are then divided e most dominant meteoroiogical disturbance In IS
into 30 min sections in which linearity between the two cur- strong wind, which fronfrigure 2has a noticeable effect dp

rents is checked, anll calculated from the difference between 1€ Winds in MR usually reach their peak around 1600 UT
the currents. Periods in which ti& value to the linear “t and decrease in the evening, which causes an increase in the

between the currents was less than 0.95 are not considerefVerage) value. During very strong wind periods (>40 km/h),
for further analysis. To characterize the temporal variations int)€ _Individual "at and corruged plate currents (IF and IC,
J,, the 30-min variance is calculated, which in typical fair respgctlvely) are not \_/veII cprrelated (dashed C|rclé§gn2),_
weather conditions is ~3 GM % The spectral analysis is POSSibly due to vibrations, is therefore not evaluated during
performed on the raw 250 Hz sampled ddtais calculated ~ N€Se periods of strong wind. Atelded description of the in"u-
from the measured currents and then passed through a digit£nce of the wind speed dpis given mApptindl_x

low-pass “Iter of 1 Hz. The dynamic spectrum is achieved by ~ The GDACCS measures the charge "owing downward to

calculating the spectrum of 30-min sections with a 1 min time the plates. Therefore, positive charge "owing downward should
window. be measured as positive current. The measured current in MR is

of the expected magnitude (a few pAjnbut negative. In order

to resolve the disparity we have placed an identical system a
few meters away. Both systems measured negative values and
showed a very good agreement between measured currents
This work characterizes the behavior of the vertical current atand their "uctuations.

Mitzpe-Ramon (MR) throughout periods of quiet solar activity Measurements made from a different desert site in Israel
and during two different Coronal Mass Ejections (CMEs) resulted in positive values and presented the same increase
which included Solar Proton Events (SPEs) on 24 Octoberwith wind speed. These results imply that the negative val-
2011 and 7...8 March 2012. ues probably result from a small offset due to geographical

he Wise observatory is located in the Negev highland desert, a

ountainous and arid region in southern Israel that experiences
(gegular daily and seasonal meteorological patterns. The Medi-
erranean Sea breeze creates a dominant wind regime that is

3. Observations
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Figure 2. Aweek of data o8, values (blue points) from 7 May 2011 to 12 May 2011. Daily variations are superimposed on the changes in wind
speed (green) and relative humidity (red). Dashed horizontal line indicates zero current.
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Figure 3. (a) J, "uctuations measured in MR during 22...27 of October 2011. (b) Avérétyequoise) and the 30 min averaggdblack).
(c) Magnetic ULF spectrum at 0.01 Hz measured in MR. (d) Magnetic “eld NS DC component, Bar Giora, Israel. (e) ACE 30 MeV Proton Flux.
Dotted vertical line marks the "are onset. Dashed vertical line marks the CME impact with the atmosphere.

distortion of the potential gradient in the mountainous land- compression of Earthes magnetic “eldid. 3d, with the K
scape of the site. index reaching a maximum of 9 on the 24th around
For this reason, this work discusses only the current "uctu- 2300 UT. The Dst value (Disturbance storm time, which
ations and not the current magnitude and sign. The averaggenotes the magnitude of the disturbance in the horizontal
magnitude is used only for excluding disturbed weather periodsgeomagnetic “eld in equatorial and mid latitudes) showed a
and as a reference value for normal condition measurements.decrease of 120 nT in the early hours of 25th October
(WDC for Geomagnetism, Kyoto).

The response detected at MR is showrrigures 3a3c

3.2. J, "uctuations in conjunction with CME impacts The measured, exhibits a large increase in "uctuations on
24th October around 2300 UFi§. 3a blue curve), an order
3.2.1. 24...25 October 2011 of magnitude larger than the typical fair weather "uctuations.

The large "uctuations lasted for a duration of 7Higure 3c
On 22nd October at 0058 UT an M-class "are released a signif-(purple curve) shows the amplitude of the magnetic ULF
icant CME which hit Earthes magnetic “eld on 24th October at spectrum at 0.01 Hz also measured at MR. A signi“cant "uctu-
1748 UT Fig. 3. The ACE spacecraft measured an increasedation in the ULF spectrum is present at 1823 UT which
high energy proton "ux (>30 MeV) on the 22nd around coincides with variability in the North...South component of
1800 UT, associated with the "are, which lasted until the early the geomagnetic “eld measured at the Bar Giora Observatory
morning of the 25th Kig. 39. The CME caused a strong (3143N, 355°E), Israel Fig. 3d. The onset ofJ,

A26-p3
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Figure 4. (a)J, "uctuations measured in MR during 22...27 of October 2011; (bBUMFE) The horizontal symmetric geomagnetic disturbance
“eld (SYM H, brown curve) and the orthogonal symmetric geomagnetic disturbance “eld (SYM D, turquoise curve); (d) The horizonta
asymmetric geomagnetic disturbance “eld (ASY H, orange curve) and the orthogonal asymmetric (ASY D, red dotted curve); (e) ACE S
proton density (blue curve) and SW ion temperature (green dotted curve).
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Figure 5. Time series of variance if, (5-min values) (gray line) from MR on 24th and 25th October 2011, plotted alongside variance in
z component of interplanetary magnetic “eld (INB5 measured by the ACE spacecr&fttime data was corrected to account for propagation
time from the location of the ACE spacecraft to Earth (using a distance of 105km (L1 point) and the observed solar wind speed).

"uctuations occurred 2 h after the rise in the magnetic ULF that that theJ, "uctuations at MR were not a result of "uctua-
spectrum and the Bar-Giora DC component. This time lag indi-tions in local meteorological conditions, and secondly that the
cates that the "uctuations did not result from magnetically J, variations are directly related to changes in the magnetic “eld
induced currents in the cables. The ULF/ELF station is locatedof the solar wind.

less than 100 m from th& system, and connected to the same

monitoring PC. During the exact time of the "uctuationslin 322 7...8 March 2012

there was no evidence for changes in the ELF and ULF data.

Figure 4presents the SWEPAM solar wind parameters (4e) The period surrounding 5th...8th March 2012 consisted of sev-
and the geomagnetic (4c, 4d, WDC for Geomagnetism ineral energetic solar events, the largest two comprising an X1/2
KYOTO) and interplanetary (4b) magnetic “eld parameters are emitted at 0409 UT on 5th March, and an X5/3 "are emit-
during the October 2011 event. THe"uctuations occurred  ted at 0024 UT on 7th March, both with Earthward directed
during periods of mid-latitude geomagnetic disturbances CMEs. The CME from the X1/2 "are impacted Earthes magne-
(Figs. 4cand4d), and when the proton density is high. tosphere at 0427 UT on 7th March and the impact from the
Figure 5examines the changes Jp on 24th October in  X3/5 "are associated CME occurred at 1105 UT on 8th March.
more detail. The gray line denotes the 5-min variancé,in  The 8th March 2012 event was signi“‘cantly stronger than the
and the black line, the variance in theomponent of the inter-  October 2011 event and was also accompanied by an increase
planetary magnetic “eld (IMF) measured by the ACE satellite. in the "ux of energetic protons, with energy higher than
There is a striking similarity between the two, suggesting “rstly, 100 MeV, starting at 0405 UT on 7th March, associated with

A26-p4
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Figure 6. (a...e) The sameRigure 3 for 7...8th March 2012, event. (f) Wind speed.

Figure 7. Same as irFigure 4 for 7...8th March 2012, event.

the X5/3 "are. This event is now considered one of the in KYOTO) and interplanetary (7b) magnetic “eld parameters

strongest events in the present solar cycle, with a solar protoruring the March event.

"ux of energetic protons (>10 MeV) in excess of 6500 proton

"ux units. The Dst index shows two (negative) peaks, on the 32 3. Spectral characteristics

7th early morning hours (70 nT) and the 9th (110 nT)

and thus indicates a decrease in the horizontal geomagnetigxamination of the dynamic spectrum (calculated from the

“eld strength. 1 Hz low-pass “Iltered data, on 30-min sections with a 1-min
Figure 6shows data for the March 2012 event, as for time window) of the measurel} "uctuations revealed peaks

Figure 3 Similar to the October 2011 evedj,showed signif- in the mHz range (2...8 mHz) during the time of the increased

icant "uctuations, much larger than normal fair weather val- J, "uctuations for both of the solar eventSid. 8). Figures 8a

ues intermittently from 7th to 8th March 201Eid. 69. and 8b display the dynamic spectrum &f measured on the

The increase in the low frequency ULF spectrdfig.(69 24 October 2011 and 08 March 2012, respectively. The red

occurred 6 h after th& "uctuations ceased. There was no unu- curve in the inset shows a section of the increased "uctuations

sual behavior in the wind speed and humidity measurements aih the “ltered data (red curve, left inset) and an example for a

the Wise observatory during the period from 7th to 8th March 30-min spectrum from this section (green curve, right inset).

(Fig. 6f). Figure 7presents the SWEPAM solar wind parame- This frequency range coincides with the ULF Pc5 pulsations

ters (7e) and the geomagnetic (7c, 7d, WDC for Geomagnetisnirequencies.
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Figure 8. (a) J, dynamic spectrum 24 October 2011. h)dynamic spectrum 08 Merch 2012. (¢) ULF Hns dynamic spectrum 24 October
2011. (d) ULF Hns dynamic spectrum 8 March 2012. Color barg,fare in pA m 2" Hz and pTF/Hz for the ULF spectrum.

Figures 8cand 8d show the horizontal magnetic ULF 4. Discussion

dynamic spectrum measured at the same site. For the Octobqrh | dh h distinct f fth
event, the magnetic “eld spectrum exhibits a peak at a higher! N€ results presented here show two distinct features of the ver-

frequency (~10 mHz) 4 h before tie frequency peak, and tical current behavior during periods of increased solar activity
only a very weak signal at the time of the"uctuations at a ... an increase in thgvariability during thg two large CME
higher frequency. For the March event the magnetic low fre- 8VeNts; and an ultra-low frequency peak in the dynamic spec-

uency peak appears more than 5 h beforeltheeak at a  um, observed bqth in thg large CME events and a]so in the
I(j)wer %?e%uencyr.)p e more frequent periods of high solar wind proton density. When

searching for the mechanism responsible for the phenomena
one must consider two scenarios. One, in which the two fea-

3.3. Long-term measurements tures are of the same origin, and the increased variability seen
during the large CME events is the manifestation of a large
In contrast to thd, measurements, the low frequeribyspec-  jncrease in low frequency “uctuations. The alternative is that

trum does not exhibit diurnal variations, and is not highly in"u- o or more separate mechanisms are involved.
enced by the wind speed and relative humidity. As a result,

relatively weak signals can be detected, which are not masked 1 | gcal meteorological in"uences o,

by the local atmospheric noise.

The dynamic spectrum af, was therefore examined for As is evident from the results presenteettion 3.1the ver-
four continuous months of measurements (March...June 2018¢al current is highly sensitive to meteorological factors such as
(Fig. 9. Low frequency peaks during the early mornings and wind speed&tte 1972 and local aerosol number concentration
late evenings when wind speed was low were searched for(Bennett & Harrison 2007alt is therefore necessary to pre-
and only on days for which the individual "at and corrugated clude the in"uence of local sources dp Unfortunately, no
plate currents were correlated throughout the day. During thismeteorological data were available during the October 2011
period (99 fair weather days), low frequentypeaks were  event due to a system malfunction, however there are several
found to occur on 19 days. Fourteen of these peaks occurredactors which support the conclusion that the "uctuations
on days when the solar wind proton density was higher thanobserved inl, on 24th...25th October were not of a local mete-
5 pcm 2 (Fig. 9. Most peaks occurred during local dusk or orological origin. One is that the variability Jaincreases dur-
dawn. Five peaks occurred on quiet days, when the solar windng the late evening of the 24th, a time at which the wind speed
proton density was low. There was no correlation with the usually decreases and becomes calm during the night. Further,
solar wind speed. The two days with the highest proton densitythe average value df was fairly constant, therefore it is unli-
(12 March 2012 and 16 June 2012) showed no low frequencykely that the "uctuations resulted from variations in wind speed
peaks inJ,. or direction. Very strong winds can be easily ruled out due to

A26-p6
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Figure 9. Occurrence of low frequendy peak plotted alongside ACE solar wind proton density. Red bars ... days with low frequency peak, blue
points ... ACE solar wind proton density measurements. Gray rectangles mark non fair weather periods.

the very close linear relationshig?(> 0.999) between the "at  events ... enhanced ionization from energetic particle precipita-
and corrugated plate currents, which does not hold when thdion, and downward mapping of ionospheric electric “eld
wind speed is greater than 45 km/h. Further evidence that theehangesFigures 3eand4e demonstrate that both the October
J, "uctuations were not caused by local meteorological varia- 2011 and March 2012 events were associated with SEP events,
tions is shown irFigure 5 which demonstrates a close correla- which would increase the "ux of energetic particles entering
tion between thd, "uctuations and variability in the IMB, Earthes atmosphere and therefore enhance ionization. SEPs
component. have the largest effect at high geomagnetic altitudes due to

The 7...8th March 2012 event occurred around midnightreduced shielding around the geomagnetic poles, where high
when humidity and wind speed were lofiq. 6f), therefore ~ energy particles can easily penetrate Earthes magnetic “eld.
it is unlikely that the increaselj "uctuations were caused by ~ The low geomagnetic latitude of the measurement site (with
local meteorological in"uences. The long-term spectral analysisgeomagnetic cutoff rigidity ~11 GV) suggests that only extre-
was performed only for early mornings and late evenings whenmely energetic particles can penetrate and ionize the atmo-
wind speed was low, and only on days for which the individual Spheric column above Israel, therefore dpéuctuations are
"at and Corrugated p|ate currents showed a clear linear re|ati0nun|ike|y to be directly associated with enhanced ionization from

ship between each other throughout the day, in order to diminthe SEP events. Despite this, recent work has shown that sub-
ish the local meteorological noise. stantial displacement currents associated with even relatively

Further evidence in support of a solar effectlpis that weak SEP events can arise in atmospheric electricity measure-
during the two CME events the measudeductuations were ments at mid-latitudedicoll & Harrison (2014)demonstrate

an order of magnitude larger than the typical fair weather val- uctuations in J, (measured using a GDACCS instrument)
andE, in the UK during a relatively weak solar proton event

ues. This implies an additional mechanism which contributes? y X ! , .
to the increased, "uctuations, other than local meteorological |n_2013_. The ‘uctuations are thought to be associated W't.h var-
effects alone. ations in the ionization rate above the UK (measured simulta-
neously from a balloon, but not detected by surface neutron
monitors), which perturb the electric “eld in the lower tropo-
4.2. Energetic particle and displacement current effects sphere suf‘ciently toinduce displacement currents at the surface.
Furthermore, electric “eld changes of 1000 Vhduring a
The magnitude, the oscillatory nature and short timescale of thelO min period were reported l§asatkina et al. (200t high
J, "uctuations suggests that the source of the changes werdatitudes (63.3 N) during three ground level events in 2001.
displacement currents (caused by changing electric “elds) ratheThe variations spread over a large area and reached down to
than conduction effects. The GDACCS was designed to distin-mid-latitudes (50 V m* changes irE, at 47.2 N). The proton
guish between displacement and conduction currents, by'ux measured during these events was similar and even smaller
measuring the same displacement current, but different condughan the 8 March 2012 event described here, therefore even
tion currents, through a difference in cross sectional areathoughitis unlikely, the possibility that highly energetic particles
between the two plates. Although the method,afalculation were able to penetrate to the latitude of Israel exists.
(fOUﬂd by subtracting the difference in total current measured Downward mappmg of horizontal Changes in ionospheric
by the two plates) should remove any effect of displacementpotential has been suggested as a method of coupling between
currents, it is possible that geometrical distortions caused byionospheric potential changes and the atmospheric electric “eld
the arrangement of the plates could give rise to unequal disat the surfacePark (1976)calculated the surface vertical
placement currents. This therefore means that the cancellatiolectric “eld induced by a horizontal ionospheric potential
of displacement currents using the two plates may not be comgyifference, demonstrating that the vertical electric “eld varia-
plete, and therefore we cannot preclude the impact of electrigions near the ground follow the horizontal potential differences
“eld variations causing the observagd'uctuations. in the ionosphere. The magnitude of the surface electric “eld
There are two likely sources of electric “eld changes, and depends on the near earth conductivity. For a displacement
thus displacement currents, which can occur during active solacurrent of 10 pA m? at frequency of 5 mHz, the inductive
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surface electric “eld should be of the order of 100 V'm meteorological factors. A low frequency peak in the dynamic
Avery large (~5000 km) ionospheric disturbance of 50 m\ m  spectrum was also observed, which is present in both the large
would result in a surface electric “eld change of this scale CME events and also during frequent periods of high solar
(similar magnitude to electric “eld measured Kgsatkina wind proton density, analyzed separately. The low frequency
et al. 2009 which could induce currents of similar magnitudes peaks are in the Pc5 frequency range. The increased variability
to those observed in the Mitzpe Ramhmeasurements. It is  in J,during the large CMEs is an order of magnitude larger than
likely that such large ionospheric disturbances can arise in thehe typical fair weather values. For the October 2011 event, the
hours following a CME, however, effects are generally J, "uctuations coincided with "uctuations of the IMF. It is not
expected to be con“ned to high latitude regions. The resultsyet clear whether the increased "uctuations during the large
reported here thus present an interesting situation such that €MEs and the low frequency peaks are of the same origin
source of thel, "uctuations is downward mapping of iono- and if one or more mechanisms are responsible for the observed
spheric potential changes, then this would seemingly affectcharacteristics. Large scale (~5000 km) ionospheric "uctuating
much lower geomagnetic latitudes than previously thought.  disturbances mapped to vertical surface electric “eld may result
in vertical current "uctuations of the same order of the mea-
sured current "uctuations. We therefore suggest downward
mapping of ionospheric electric “elds as a possible mechanism
for the increased "uctuations; however, due to the large variety
of processes involved in these large solar events it is dif‘cult to
determine the exact source of the increased "uctuations. Simul-
taneous measurementslgfPG, and magnetic ULF pulsations
during large solar events and high solar wind proton "ux peri-
ods, and comparison to ionospheric electric “eld measurements

Qd ionization rates, are needed in order to fully understand
ese results and will be the subject of future study.

4.3. ULF considerations

Another vindication for the displacement current explanation is
the "uctuating nature of the disturbance and the dominant ULF
frequency peak. Magnetospheric ULF electric (mVyrand
magnetic (nT) “elds generated by the interaction of the solar
wind with the magnetosphere are common during periods of
high solar wind and geomagnetic stornhsu(et al. 2009.

The ionospheric response to these magnetospheric disturbanc
is complex and depends on variable factors such as the conduc-
tivity pro‘le, local time, and the dip angleGlassmeier & Acknowledgement§he authors would like to thank the Wise
Stellmacher 20Q0Sciffer et al. 200¢ The induced currents  Observatory, and to Boris Shirman from Israel Survey for supplying
in the ionosphere modify the wavese amplitude and spatial scal@ar Giora magnetic DC data. ACE IMP, proton "ux and solar wind

size and a further attenuation occurs through the interactiorProton density data was obtained from NOAA SWPC. KAN
with the atmosphere. acknowledges an Early Career Fellowship from the Leverhulme

. . . . Trust. This research was supported by the Israeli Science Foundation
Very intense (~500 nT) magnetic pulsations in the PC5 Grant No. 423/14). The editor thanks Michael Rycroft and two

range (2...7 mHz) have previously been observed during seveigonymous referees for their assistance in evaluating this paper.
magnetic stormsK{eimenova & Kozyreva 2005 Pulsations

with identical frequency spectra and polarization and with close
amplitudes were observed in a very wide range of geomagnetic ,

latitudes (from 60to 70). According toPark (1976)such a  Appendix
large and coherent ionospheric disturbance can be mappe
down to vertical electric “elds at the surface, of the appropriate

magnitude to induce the observed low frequency "uctuations Ofspeed measured around noon, when humidity is low, and the

J; during the two large CME events. _ _ wind speed is relatively high. There is a very good correlation
The absence of a simultaneous magnetic ULF signal couldpetween the two variables. Furtheigure Al-bdemonstrates

result from |onospher|(_: shleldlng, where F_araday inductive CUr-the strong linear re|ationship betwekmand wind Speed (using

rents reduce the amplitude of the magnetic waves measured ogalues across the whole day) for large wind speeds (greater than

the ground. The magnetic pulsations measured on a differeny5 km/h). Using the slope of the linear 3, can be estimated

time that day, with the higher frequency peaks were probablyfrom the wind speed (red line Fig. A1-b) and compared to

of a different origin. the measured, (blue points). The linear dependency of the ver-
Only 73% of the weaker low frequency transients observedtical current on wind speed has been explained by Ette as due to

in the long-term measurements occurred during periods ofadvection of space chargétie 1972. Ette demonstrated that

increased solar wind density. The maximum peak amplitudethe horizontal wind contribution to the currediy() is propor-

showed no correlation with the solar wind parameters. A moretional to the wind speedx), and its direction depends on the

thorough examination of the ionospheric characteristics such aspace charge density)(and effective electric susceptibility:

the dip angle, local time and conductivity pro“le is needed for a 7

proper comparison. The distance to the disturbance center @, @ *

should also be taken into account. Jadv Vx@ & q.dz daip

Yo further investigate the relationship betwelerand wind
speedFigure Al-apresents the relative changelpind wind

Ette related the advection contribution to wind speeds
higher than ~20 km/h, and expected an addition of ~1 pA/m
This paper examines the behavior of the vertical conductionfor a wind speed greater than 35 kmftigure Al-bdemon-
current measured at Mitzpe-Ramon, Israel during periods ofstrates the similarity between the relationship deriveétis
increased solar activity. During the two large CME events stud-(1972) where the ratio betweel and the wind speed was
ied, variability inJ, was observed, which cannot be attributed to 0.67, and the ratio of 0.733 measured at MR.

5. Summary and conclusions
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(@) (b)

Figure Al. Correlation between wind speed and Jz. (a) Relative chandgaraf wind speed from 2 h of measurements taken on the 10 May
2011. (b)J, vs. wind speed. Blue dots ... measured data; Red solid line ... linear “t to measured data. Green line ... Ettes linear relation.
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