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Introduc tion

The proposed research aims at achieving an understanding of the space weather
effects on conducting structures inside the Earth and on the surface electric field, with
applicationsto a better knowledge of the internal structure of the Earth at continental
(Europe) and country scales, on one hand, and to estimating the geophysical hazard of space
weather at midlatitudes, on the other. The main objectives are:

1. To derive the magtie and electrical properties of the terrestrial lithosphere and
mantle at continental and Romanian territory scales;

2. To analyze solar eruptive processes and solar wind components responsible for
geomagnetic hazardeous activity (geomagnetic stormssalpstorms) in the time interval
19642014;

3. To model the geoelectrical field at
magnetospheric and ionospheric current systems;

4 To evaluate the geophysical hazard for technological networks associated to
variaions of the geoelectric field during geomagnetic disturbances linked to the
interaction of solar coronal mass ejections and high speed streams with the
magnetosphere.

The initial contract underwent alterations because of budget cuts, so for 2015,raccordi
to the additional agreement signed with UEFISCDI, the objectives read:

- Determingion of magnetic and electric structure of terrestrial lithospherte an
mantle at Romanian territory and European continental scales

- Analysis of solar eruptive processesasdlar wind, responsible for the
hazardeous geomagnetic actiigeomagnetic storms withl50< Dst< -50 nT),
in thesolarcycle23;

- Modeling of geophysically induced curren{&IC) by geomagnetic storms
produced by solar eruptive phenomena, sl

- Preparing the researateport anddissemindion of results.

The research report for the stage 2&18tructured in chapters, according to the work
plan, as follows:



In Chapterl, entitled "New geomagnetic and magnettelluric measurements in
Romania" the geomagnetic measurements carried out in 2014 at the 26 repeat stations of the
National secular variation network and at the Surlari geomagnetic observatory, as well as the
results of two magnettelluric determinations carried out in the Vrancea acteesmic
zone, are described.

In Chapterll, entitled "Magnetic and electric structure of terrestrial litosphere
and mantle at Romanian territory and continental scales. Improving the resistivity
model based on the new determined valugstwo models of he distribution of electric
properties of lithosphere and mantle aresented, one for the European continesingi
data from the geomagnetic observatory network and data for a number of geomagnetic
storms, and a second one, for the Romanian territsiggumagnetdelluric measurements.

In the first case the magnetic/electromagnetic induction model, previously devised by
research team membergas usedin the second case the electric structure of the crust on the
Romanian territory is presented, aslack model with vertical variation of the electrical
resistivity in each block.

In Chapter Ill, entitled "Analysis of solar eruptive processes and of solar wind,
responsible for the moderate geomagnetic activity (geomagnetic storms with minimum
Dst between -50 nT and -150 nT) during solar cycle 23, Solar eruptive processes and
High speed streams the solar wind that generated moderate geomagsttins in the
solar cycle 23 are presented. The effects of the mentioned processes on the magnitude of the
storm characterized by the geomagnetic index Dmte been studied by means of a
correlation analysis of this index with several quantities that characterize the two types of
processesspeed of the coronal mass ejection, the kinetic energy of the corahmass
ejection, the product of the speed and the associated magneti¢cheeksheed of the solar
wind high speed stream, the product of the speed and the associated magnetic field, the speed
jumpthat characterize the high speed stream).

In Chapter 1V, entitled "Modelling of geophysically induced currents (GIC) by
geomagnetic storms produced by solar eruptive phenomena, stage 2QIesults for the
European continerare presented, in case of nine intense storms of the solar cy@st23
150nT), base on recordings provided by the 29 European geomagnetic observafahes
INTERMAGNET project For the case of the most intense storm in the solar cycle 23, the
November 221, 2003 one, witlbst =-422 nT,a study of the sources of the geomagnetic
variations recorded bgbservatories (ionospheric and magnetospheric currents), as well as a
study on the evolution of the induced electrical fieloy the storm time geomagnetic



variations were undertaken. A result concerning the geographical distributiotheof
maximum electric field induced by each of the magnetic starntise study is presented as
well.

In Chapter V, entitledoDissemination of result® the list of published papers and of
papers presented at scientific meetidgsing the year 2015 is gin. The web page of the

project has been updated. The addred#tig://www.geodin.ro/IDEI2011/engl/index.html



http://www.geodin.ro/IDEI2011/engl/index.html

Chapter I. New geomagnetic and magnettelluric measurements in Romania

1.1. Geomagnetic measurements

The geomagnetic measurementsre taken at the 26 repeat stations that compose the
so-called The National Secular Variation Network, as well as at the Surlari Geomagnetic
Observatory.The field meastement campaign took place in the time interv@s08
19.08.2015 and 268-03.092015. In Fig. 1.1.1the way the territory has been covered during
this campaign is illustrated.

Determinations of the horizontal component H, total field intensity F, miaggnet
declination D, and magnetic inclination | have been carried out. In parallel with the absolute
measurements, recordings of the field evolution, through the four elements X, Y, Z, and F, have
been carried out. A DIFlux LEMI 024 theodolite, two QHM magtmmeters, a Geometrics-G
856 and a recording LEMI18 fluxgate magnetometer have been deployed.

The determined values were corrected for the diurnal variation and reduced to the time of
the first reading of the series of determinations stipulated in tAsur@ment protocol, by means
of continuous recordings provided by the Surlari geomagnetic observatory. Then the values were
processed to obtain values for the middle of the year 2014 (the geomagnetic epoch 2014.5),
having in view the delay of about one y#aat affects observatory annual mean values against
which the field data are reduced. In Fig. 1.1.2 the maps of the geographical distribution of the
geomagnetic elements H, Z, D, and F are presented, reduced to the epoch 2014.5 for which the

necessary da from the Surlari geomagnetic observatory were the definitive ones.
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Fig. 1.1.1.The way the station network was covered in the time intervals
05.0819.08.2015¢bove and25.0803.09.2015lfelow)
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1.2. Magneto-telluric measurements

1.2.1 Magneto-telluric measurements” the Vrancea active seismogenic area, Buzau
county

To get information on the vertical distribution of the electrical resistivity, during
September October 2015 two magnetelluric soundings (MTS1 and MTS2) were carried
out in the Vrancea active seismogenic area, in the vicinitiagttari and Vintilk Vo d £
localities (Fig. 1.2.1)
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Fig. 1.2.1 Location map for the two magetelluric (MT) stationgMTS1-LopatariandMTS 2
Vi nt i | ihthe/aotietVyancea seismic argeeen, yellow and red circles sthfor epicentres of
earthquakes occurred in 20@Bodified afteiNFP)

1.21.1. Methodology of acquisition, processing, modelling and - inversion of
resistivity curves

A multi-channel magnetotelluric system (GM8) produced by METRONIX company,
Germany, was used. The central unit ADB has 5 channels at which 4-palarized sensors for
electric field recording and 3 magnetic sensors (induction coil) for magnetic field recording are
connectedTo get information at a crustal level, the recorddhgnagnetetelluric series (EX,
Ey, Bx, By Ki Bz) took approximately 20 d
10Hz- 5.10* Hz.

The observation data are stored either in the intérrfall a s rhetnorg, &r dlirectly on
the control computefLaptop) HDD, on which theMAPROS code is installed. This code
runs undelindows 95and controls the following operations:

1. Semiautomatic settings oEX, Ey, Hx, Hy, Hzsensors;



Reattime data acquisition and processing;
Robust estimation of the mago#lluric transfer functions Zxy, Zyx and of the geomagnetic
transfer functions Txy ,Tyx;

4. Reattime time series representatifor resistivity and phase curves MTS1-Lop Lt ar i
(Fig.222)andMTS2Vi nt i Il £ Vodt (Fig. 2.2.3).
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1.2.2 Results
The vertical distribution of resistivities at the two measurement locations were

obtained by means of all inversion code. The results are presented as a single model (Fig.
1.2.4) fo both magnetdelluric soundings, as the resistivity curves in the two case are
similar, reflecting a near identical geological structure, characteristic to the foreland of the
Eastern Carpathins bending zone.

The model has been obtained after seveeahiions, by means of the IPI inversion
code, and represents most probably the real image of the geological structure in the
investigated area (The foreland of the Eastern Carpathians bend), as there is only 2%
difference between experimental and calculatesponse functions. According to the Fig.
1.2.4 caption, the model shows the following thicknesses: approximately 9 km for the nappe
system of the Carpathian flisch; 4.6 km for the sedimentary cover of the Moesian Platform;
27 km for the crystalline baseent. The corresponding resistivities &8&00q m, 120 m,
400gm. A low resistivity of 0.4q m is associated to the transition crusipper mantle. In
the study area the crust is approximately 40 km thick, in agreement with data for the Vrancea
area(Stanica et al., 2004).
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Chapter Il. Magnetic and electric structure of terrestrial litosphere and mantle at
Romanian territory and continental scaleslmproving the resistivity model based on

the new determined values

2.1. Model at the European continental scde, basedon analysis of intense geomagnetic
storms in solar cycle no. 23

In the prevous stages of the contragie used the soalled Amagnet i c a
el ectromagnetic induction mehodo, previous
the case of a major geomagnetic storms of the solar cycim@® precisely for 9 of them,
illustratedin Fig. 2.2.1 by means of the geomagnetic index Dstthe stage report for the
year 2014 the study was done for the six days encompasing the storm. The results we
obtaineddetermined us to continue the study using only the main phase of the storm,
devebping in only 6 to 13 hour$Ve remind that dminute recordings from the 29 European
observatories included in the INTERMAGNET netwonere used for the study. The
principle of the method is shortly explained in the following.

2.1.1.The principle of the magneticinduction method

The method used in the present work (see the Phase 2013 report) is based on the
observation that an external variable field induces inside the Earth variable magnetic fields
not only through electromagnetic induction in conduesiructures of the crust and mantle,
but also by magnetic induction in rocks above the Curie temperature. In the pure magnetic
induction case, the temporal variation of the field components at a certain observation point
is given by a linear combinatioof the components of the inducing magnetic force. The
calculated values of the model represent the component of the observed signal produced by
pure magnetic induction, while the residuals contain the information related to the
electromagnetic induction ithe Earth at the given point. The modekfficients can be
determined by a least squares procedure and mapped, resulting in images of the lateral
(geographical) distribution of magnetic properties that characterise the rock volume above
the Curie tempetare (generaly the crust).

In case oklectric properties of crust and mantle, the residual of the induction model
for the vertical component of the fieldis used. The latter responds to the electromagnetic
induction in the electrically conducting cruséald mantle structures to a greater extent than

the horizontal component. As the induction electromotive force is given by the negative time
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derivative of the inducing magnetic field, the latter should correlate with the observed

residual. The working retmnship is:

- # (1) = LGezt) + RCZrext),

S

where - #

<urss IS the negative time derivative of the vertical component produced by the
inducing source, and Zrez is the residual of the induction model applied to the Z component
recorded at th@bservation point. L and R, the electrical inductance and, respectively, the
resistance that characterise the crust and mantle under the given observatory, can be
determined for each observatory by means of the least squares method, for the given time
interval. Mapping of the obtained values reflects the lateral distribution of the Earth interior
electric properties. The mapped values are relative, the maps reflecting, as was also the case
of magnetic properties of the crust (the 2012 Report), lateratiars of the parameters L

and R, not real (absolute) values. Also, the obtained information regards a large depth range,
from the surface to mantle depths, as a function of the penetration depth of the external

disturbance.

2.1.2.Results

In Fig. 2.1.1the nine storms included in the study are presented, and in Fig. 2.1.2 the
obtained results, as maps of normed values of the resisRmedculated using Dst and
recorded disturbing field values. Significant differenbesween maps can be noticed, that
for now we put on the different depth penetration of the electromagnetic prglaiced by
the corresponding storms. We have in mind the different time interval length of the storm
main phasdmarked on the figure), on one hand, and different morpholagi¢ise main

phase, on the other.
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Fig. 2.1.1.The variation of the Dst geomagnetic index for the analysed geomagnetic storms

Fig. 2.1.2.The geographical distribution of tieparametercalculated for the main phase of the
storm. Duratia: 6 hours; y" 10 hours 3 13 hours
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