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Abstract: The National Network of Seismic Stations of Slovakia (NNSS) consists of eight
short period and five broadband permanent seismic stations and a data centre located
at the Earth Science Institute of the Slovak Academy of Sciences (ESI SAS). The NNSS
recorded and detected 10888 seismic events from all epicentral distances in 2016. Totally
87 earthquakes originated in the territory of Slovakia in 2016. This paper provides basic
information on the configuration of the NNSS, routine data processing, seismic activity
on the territory of Slovakia in 2016 as well as macroseismic observations collected in 2016.
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1. Introduction

The seismic activity on the territory of Slovakia and adjacent areas has been
reported on the daily basis by the so-called Seismo Reports published on the
web sites of the Department of Seismology, ESI SAS http://www.seismo
logy.sk/Seismo Reports/reports.html and in annual reports as a part
of the project Partial monitoring system — Geological factors (Lisédk et al.,
2017) which is solved with a contract between ESI SAS and State Geologi-
cal Institute of Dionyz Stir. The aim of this paper is to provide a quick
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overview of earthquakes which originated on the territory of Slovakia or
were macroseismically felt on the territory of Slovakia in 2016.

2. Seismic stations operating in 2016

The seismic monitoring of the Slovak territory is provided by the NNSS oper-
ated by the ESI SAS (ESI SAS, 2004), Local Seismic Network in Eastern
Slovakia operated by the Faculty of Mathematics, Physics and Informatics
of the Comenius University in Bratislava and local network of seismic sta-
tions around NPPs Jaslovské Bohunice and Mochovce operated by Progseis
Ltd. company. The networks of seismic stations cooperate and the exchange
of data is on the regular basis. The positions of the seismic stations on the
territory of Slovakia are shown in Fig. 1.

In 2016 the NNSS consisted of thirteen permanent seismic stations, from
which eight are short period and five are broadband. Broadband sta-
tions are: Cervenica (CRVS), Kolonické sedlo (KOLS), Modra (MODS),
Vyhne (VYHS) and Zelezna studnicka (ZST). Short period stations are:
Hurbanovo (HRB), Iza (SRO1), Kecovo (KECS), Liptovskd Anna (LANS),
Moca (SRO2), Stebnicka Huta (STHS) and Srobérovs (SRO). The HRB
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Fig. 1. Seismic stations operational on the territory of Slovakia in 2016.
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is the oldest NNSS seismic station that has been in operation since 1909
(Pajdusdk, 1997). In 2016, the seismic station Izabela (IZAB) has been
added to the NNSS as a new permanent short period seismic station. This
station has been jointly operated by ESI SAS and Progseis Ltd. company. In
this year the seismic station MODS has been upgraded with a 6-channel 32-
bit digitizer and an EpiSensor has been installed. The NNSS permanent seis-
mic stations and their instrumentation are summarized in Table 1. More de-
tails can be found on the web page http://www.seismology.sk/National
_Network.

Table 1. Equipment of seismic stations of the NNSS operating in 2016.

Station ISC Lat. Long. | Alt. | Sensor | DAS | Sampl. | Data
code [°N] [°E] [m] freq. | format

Bratislava
7el. Studnicka ZST 48.196 17.102 250 | 3XSKD | Wave24 | 100/sec | mSEED

Cervenica CRVS | 48.902 21.461 476 | STS-2 | Wave24 | 100/sec | mSEED

Vyhne VYHS | 48.493 18.836 | 450 | STS-2 | Wave24 | 100/sec | mSEED

Modra-Piesok | MODS | 48.373 17.277 | 520 | STS-2 | Wave32 | 100/sec | mSEED

Hurbanovo | HRB | 47.873 | 18.192 | 115 | pjonje | Analog | - S;%lﬁd

Izabela 1ZAB 48.569 19.713 | 450 | 3xSM3 | Wave24 | 100/sec | mSEED

1za SRO1 47.7622 | 18.2328 | 111 | ViGeo Gaia 100/sec | mSEED

Kecovo KECS | 48.483 20.486 | 345 | LE3D | Wave24 | 100/sec | mSEED
Guralp-

Kolonické sedlo | KOLS 48.933 22.273 460 | gT.305 | Wave32 100/sec | mSEED
Liptovskd Anna | LANS | 49.151 19.468 710 | LE3D SEMS | 100/sec | mSEED

Guralp-
Moca SRO2 | 47.763 | 18.394 | 109 | 40T 1s | Wave24 | 100/sec | mSEED
Stebnicka Huta | STHS 49.417 21.244 534 | LE3D | Wave24 | 100/sec | mSEED
- 3X
Srobérova SRO 47.813 18.313 150 | gkM-3 | Wave24 | 100/sec | mSEED

Four additional short period seismic stations has been operated on the
jointly bases of ESI SAS and the other institutions. The seismic stations
Banka (BAN), Podolie (POD) and Jalsové (JAL) located in the Little
Carpathians has been operated in cooperation with Progseis Ltd. company
and the Institute of Rock Structure and Mechanics of the Czech Academy
of Sciences (IRSM CAS) (Fojtikovd et al., 2015). The seismic station Pusté

Ulany (PULA) has been operated in cooperation with the IRSM CAS. These
stations have been installed as temporary seismic stations.
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3. Data processing

Digital data from all NNSS stations (except the analog seismic station HRB)
are transfered in real-time to the data centre at the EST SAS either by the
internet or satelite telemetry. Software package SeisComp3 (Weber et al.,
2007) and SeedLink server are used for data acquisition and exchange.

Beside observations from the NNSS stations the data centre at ESI SAS
also use the data from the above mentioned local networks of seismic sta-
tions in Slovakia and observations from networks of neighbouring coun-
tries: Austrian Seismic Network (ZAMG — Zentralanstalt fiir Meterologie
und Geodynamik, 1987), Czech Regional Seismic Network (Institute of Geo-
physics, Academy of Sciences of the Czech Republic, 1973), Hungarian Na-
tional Seismological Network (Kdvesligethy Rado Seismological Observatory,
1992), Local seismological network for monitoring NPP Dukovany (Institute
of Physics of the Earth Masaryk University, 2014), GEOFON Seismic Net-
work (GEOFON Data Center, 1993), Polish Seismological Network. These
stations forms a so-called Regional Virtual Network of EST SAS that con-
sists of approximately 55 seismic stations.

Routine analysis of the digital recordings at the EST SAS has been per-
formed by the Unix package Seismic handler (Stammler, 1993). Interactive
locations of seismic events within Seismic Handler are performed by external
program LocSat. The collected digital observations are manually processed
on the daily basis. The epicentre locations are based on the IASPI91 travel-
time curves. Local magnitudes has been determined from the maximum
vertical trace amplitudes of Sg waves, using the pre-defined Seismic Handler
formula for local events. Continuous raw seismic data from the NNSS are
stored in a local archive and seismic data interpretations (together with in-
formation on equipment of stations) are stored in a web accessible database.

4. Seismic activity in 2016

The NNSS analyzed 10888 local, regional and teleseismic events in 2016.
More than 40600 seismic phases were determined. Seismic events identi-
fied as quarry blasts were excluded from further processing and were not
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included in the event statistics. All events recorded by the NNSS and analy-
ses at the data centre at ESI SAS has been reported in the so-called Seismo
Reports and published on the above mentioned web sites of the Department
of Seismology, EST SAS.

Altogether 87 seismic events located by the NNSS originated in the ter-
ritory of Slovakia in 2016 (Fig. 2). Known quarry blasts are not included
in this number. 28 earthquakes reached local magnitude 1.0 or more and
are listed in Table 2. The strongest earthquake was detected on April 18 at
13:20 UTC with local magnitude My, 1.9.

The seismicity of the Slovak territory is dominated by the Little Carpathi-
ans and Komarno seismic source zones. The strongest earthquake in the Lit-
tle Carpathians source zone was detected on the December 12 at 21:43 UTC
with local magnitude My 1.4. The strongest earthquake in the Komarno
source zone was detected on the June 23 at 21:52 UTC with local magnitude
My, 1.4. Although the low level of seismic activity from the last decades
remained unchanged in 2016, these two source zones remains of the pri-
mary interest for the monitoring of seismic activity within the territory of
Slovakia.
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Fig. 2. Map of epicentres of local earthquakes originated on the territory of Slovakia in
2016. Diameters of the circles are proportional to local magnitudes.
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Table 2. List of earthquakes originated on the territory of Slovakia in 2016 with M > 1.0.

Date Origin Time | Lat. | Lon. | Depth | My, Io Region
[YYYY-MM-DD] (UuTC) [°N] | [°E] | [km] [[NNSS]|[°EMS]
[HH:MM:SS]
. Revica
2016-01-24 22:18:56.83 48.64 | 20.17 0 1.6 Highlands
2016-02-1 21:34:1 4 1 1 Upper Hron
016-02-13 :34:17.90 8.75119.30 0 .0 River region
Samorin —
2016-03-31 09:10:51.76 | 47.74|18.50 0 1.2 Komérno —
Stirovo
East Slovak
2016-04-15 12:56:16.97 |48.65|22.08| 24 | 15 RPN
2016-04-15 17:30:25.25 |48.70 | 18.30 0.2 1.0 Stréazov Mts.
2016-04-18 13:20:39.86 | 49.24 | 20.96 0 1.9 Cergov Mts.
Samorin —
2016-05-03 05:12:59.03 | 47.88|18.07 0 1.0 Komdrno —
Stirovo
2016-05-0 08:18:20.67 | 49.36 [21.66| 21.6 ) Laborec
16-05-05 8:18:20. 9.36 | 21. 1. 1.6 Highlands
Samorin —
2016-05-29 08:26:21.82 |47.80|17.98 1.5 1.1 Kgmérno —
Stirovo
s Little
2016-06-01 05:34:50.91 [ 48.54|17.43 1.9 1.1 Carpathians
2016-06-10 07:43:05.26 | 48.88 |21.05 0 1.1 Saris
Samorin —
2016-06-23 21:52:19.25 47.75118.20 0 1.4 KQmérno —
Stirovo
201 24 :44:43.24 48.74 |1 1 Little
016-06- 08:44:43. 8.7 7.76 8.3 .3 3 Carpathians
201 9 33:01.2 4 19.1 11 Banské Bystrica
016-06-25 00:33:01.20 8.73119.13 0 . region
201 19:35:51.24 |4 1 2 11 Little
016-06-30 9:35:51. 8.60 | 17.73 . Carpathians
2016-07-11 10:37:40.28 49.31|21.02 4.2 1.6 Cergov Mts.
2016-07-26 10:46:55.58 | 48.93 | 21.58 6 1.1 Slanské Hills
o, Laborec
2016-07-30 09:36:11.71 [49.10|22.11 0 1.5 Highlands
2016-08-07 19:20:12.61 |48.69 | 18.97 0 1.4 Kremnica Mts.
2016-08-13 22:30:30.47 |48.90 [ 18.24 1 1.3 Stréazov Mts.
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Table 2. Continued from the previous page.

Date Origin Time | Lat. | Lon. | Depth | My, Io Region
[YYYY-MM-DD] (UTC) [°N] | [°E] | [km] |[NNSS]|[°PEMS]
[HH:MM:SS]
Samorin —
2016-08-25 04:58:42.28 | 47.95|18.14 0 1.3 Komdrno —
Sturovo
2016-08-26 23:50:14.51 | 48.89 | 18.26 2.4 1.1 Stréazov Mts.
2016-09-29 05:58:11.72 | 48.78 | 19.99 0 1.3 Muran Plateau
Samorin —
2016-10-09 20:45:11.06 | 47.82|17.63 0 1.4 Komérno —
Sturovo
2016-10-17 11:39:51.89 | 49.02 | 20.98 7.1 1.6 Saris
2016-11-25 09:29:47.57 149.12 | 20.78 0 1.4 Levoca Mts.
2016-12-12 21:43:31.2 4 17.81 1.4 Little
016-12- :43:31.28 8.66 | 17.8 3.7 . Carpathians

5. Macroseismic observations

Two earthquakes were macroseismically felt on the territory of Slovakia in
2016, one with the epicentre in Austria and one with the epicentre on the
territory of Slovakia (Table 3). These two earthquakes were also seismomet-
rically observed and processed. Intensities were estimated by the European
Macroseismic Scale 1998 (EMS-98) introduced by Grinthal (1998).

The earthquake on April 25 at 10:28 UTC with epicentre near Vienna,
Austria and local magnitude 4.1 was macroseismically felt on 9 locations
within the territory of Slovakia (Table 4). 12 macroseismic questionnaires
were filled. People reported weak trembling or shaking and acoustic effects

Table 3. List of macroseismically observed earthquakes on the territory of Slovakia in
2016.

Date Origin Time | Lat. | Lon. | Depth | My, Io Region
[YYYY-MM-DD] (UTC) [°N] | [°E] | [km] |[NNSS]|[°PEMS]
[HH:MM:SS]
2016-04-25 10:28:23.6 48.02 (16.16 | 14.1 4.0 5-6 Austria
Little
2016-06-24 08:44:43.2 48.74 | 17.76 8.3 1.3 3 Carpathians
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Table 4. Macroseismic observations for April 25, 2016 earthquake, 10:28 UTC.

Locality Lat. Lon. No. of I
[°N] [°E] questionnaires [PEMS-98]
Bratislava 5 48.111 17.112 3 3
Bratislava 4 48.159 17.052 2 3
Bratislava 1 48.147 17.102 1 3
Galanta 48.198 17.734 1 3
Kolinany 48.351 18.229 1 3
Orechova Poton 48.036 17.564 1 3
Pezinok 48.298 17.270 1 3
Modry Kamen 48.248 19.324 1 felt
Velkd Lomnica 49.112 20.354 1 felt

— rumbling. The maximum intensity on the territory of Slovakia was deter-
mined at 3° EMS-98.

The earthquake on June 24 at 8:44 UTC with epicentre in the northern
part of Little Carpathians (near Nové Mesto nad Vdhom) and local magni-
tude 1.3 was macroseismically felt on 1 location (Table 5). 2 macroseimic
questionnaires were filled. The event was described as a light trembling.
The epicentral intensity was determined at 3° EMS-98.

Table 5. Macroseismic observations for June 24, 2016 earthquake, 8:44 UTC.

Locality Lat. Lon. No. of I
[°N] [°E] questionnaires [PEMS-98]

N(?ve Mesto nad 48.758 17.829 2 3 ‘
Vahom ‘

6. Conclusion and discussion

The NNSS is operated by the ESI SAS, Bratislava. In 2016 a new seismic
station Izabela was added to the NNSS and an EpiSensor was installed in
the Little Carpathians source zone in seismic station MODS. Data from
all stations (except station HRB) are transferred in real-time to the data
centre at Bratislava. Data processing and routine analysis are performed
digitally by interactive seismological software Seismic Handler. Digital data
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are accessible both on-line and off-line in standard data format. So-called
Seismo Reports of seismic events recorded by NNSS are published on the web
page of the ESI SAS http://www.seismology.sk/Seismo Reports/repor
ts.html.

Epicentres and local magnitudes were determined for 87 earthquakes
originated in the territory of Slovakia in 2016. Weak seismic activity was
recorded from several seismic source zones: Little Carpathians, Komarno,
Strazov Mts., Cergov Mts., Reviica Highlands and Vihorlat Mts.
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APVV-16-0146.
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Abstract: Climate change is contributing to an increased risk of flower damage by late
spring frosts. Monitoring flower temperature is critical for the timely start of frost pro-
tection systems. However, there are many weak points that complicate the use of this
method. The aims of this study were to: i) find the method of air temperature measure-
ment with the best relationship to the surface temperature of plant tissues and ii) quantify
the differences between plant tissues surface temperature and ambient temperature during
different weather situations. The surface temperature of plant tissues (budding leaves of
grapevine, apricot flower, and unripe pear fruit), air temperature and humidity in the radi-
ation shield, wet bulb temperature and air temperature with an unsheltered thermometer
were measured at ten-minute intervals in the spring months. The average temperatures
obtained by the individual methods as well as the lowest temperatures were determined
from each measurement. Differences between air temperatures and plant surface temper-
atures, including variation ranges, were also determined. An unsheltered thermometer, in
which the energy balance corresponds approximately to that of the evaluated plant sur-
faces, provided the best relationship with plant tissue temperature. The air temperature
measured by the standard method (in a Stevenson screen or in the radiation shield) was
almost always higher than the temperature of the plant tissue during periods of negative
energy balance. The difference between the minimum temperatures was approximately
0.5 °C. Temperatures more than 1.5 °C higher than the actual temperature of plant tissues
were measured in extreme cases.

Key words: flower temperature, leaf temperature, agricultural meteorology, cold dam-

age, frost damage, microclimate

doi: 10.2478/congeo-2019-0002 11

Bereitgestellt von University Library Bratislava | Heruntergeladen 05.09.19 10:07 UTC



Litschmann T., Stfeda T.: Surface temperature of plant tissues. .. (11-23)

1. Introduction

Increased interest in the issue of spring frosts is caused by the bioclimatic
impacts of climate change in recent decades. Current regional studies on
Central Europe state that an earlier onset of the phenological phase or the
“beginning of apricot flowering” occurred for approximately 13 days in the
period 1940-2008, i.e., 2 days per decade (Chuchma et al., 2016). A simi-
lar result has been documented for an evaluation of long-term phenological
data series of wild-growing plants (Stehnovd et al., 2017; Stehnovd et al.,
2018). Earlier flowering increases the risk of frost damage to flowers by late
spring frosts.

There are numerous methods of microclimate modification and for miti-
gating cold damage to horticultural crops. These include stack heaters, wind
machines, helicopters, fog generators, covers, and various irrigation meth-
ods such as flooding (Morrow and Martsolf, 2004). However, the timing of
the implementation of these methods depends on the precise determination
and prediction of risk conditions.

It is often assumed that the temperature of plant tissues corresponds to
the air temperature measured by the standard method. In one of the first
complex works to evaluate the difference between carnation flower temper-
ature and air temperature, Hanan (1965) described that the radiation, air
velocity and air temperature effects were not as high as expected. This
was confirmed by Hanan (1970) in follow-up research. Under certain con-
ditions of wind velocity, solar radiation and air temperature, differentials
between red carnation flower temperature and air temperature exceeded
10°C, whereas white flowers were close to the ambient air temperature.

Some complications in predicting flower temperature are as follows:

i) The air temperature is monitored, while it is truly the plant tempera-
ture that is usually predicted from two meteorological parameters: the
air temperature and an estimate of the radiational cooling (Morrow and
Martsolf, 2004). Meteorological data differing from the actual conditions
of canopy microclimate are often used for this purpose. Compared to the
canopy microclimate, the conditions at a standard climatological station
are characterized by a reduction of temperature extremes, a wetter en-
vironment with lower variability, precipitation interception, reduced air
speed, occurrence of diffuse solar radiation, etc. (Streda et al., 2011).
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ii) Flower colour can significantly influence flower interior temperature due
to differences in how the pigments absorb and reflect different wave-
lengths of light (Seymour et al., 2009; Mu et al., 2010). Mu et al. (2010)
have determined the effect of petal colour on the interior temperature
of Gentiana leucomelaena flowers, which have two colours (blue and
white). Relative to the ambient temperature, the flower temperature
was 1.27 °C higher in the white flowers but was 0.41 °C lower in the blue
flowers. The ambient temperature was closely correlated with the flower
frequency, i.e., white flowers were more likely to be associated with low
temperature than blue flowers. Sawvvides et al. (2017) described dif-
ferences of several degrees Celsius (4.1 to 3.8 °C) between the apical
meristem temperature and air temperature in cucumber and tomato
plants when the air temperature was kept at ~20°C as a function of
other environmental factors that influence the heat budget of the apical
meristem such as radiation, air humidity, wind speed, and plant traits.
Shrestha et al. (2018) found that the relationship between flower tem-
perature and ambient temperature was non-significant for 4 samples,
non-linear for 11 samples, linear for 3 samples and positive linear for 13
samples (30 plant species with 31 samples), and they found no signif-
icant correlation between temperature modulation type group and/or
either colour or shape in our sample species.

iii) One of the more unusual tactics for promoting cross-pollination occurs
in flowers that raise their temperatures by producing their own heat
(Seymour and Schultze-Motel, 1997). The flowers of some plants pro-
duce enough heat to raise their temperatures by as much as tens of
degrees Celsius above air temperature (by increasing heat production
to approximately 1000 mW). The greatest heat producer, Arum macu-
latum, generates 0.4 watts per gram in its florets. A 125-gram spadix
of Philodendron selloum produces about nine watts of heat to main-
tain a temperature of 40 °C in a 10°C ambient environment (Seymour,
1997). In montane forests on sunny days with very low wind speeds,
meristem (not flower) temperatures can be 15°C higher than the air
temperature (Wilson et al., 1987). Analogously, a study by Little et
al. (2016) found that some sub-Antarctic herbs exhibited leaf and floral
temperatures that were higher than the ambient temperature (leaves
and inflorescences were 9 °C and 11 °C higher than the ambient temper-
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ature respectively).

iv) The insufficiently explored “critical temperatures” for predicting flower
damage on fruit trees are another problem. As a rule, it is not clear how
these temperatures were obtained. The deficiency of this concept is the
fact that different types of cooling have not been taken into account
(Détinsky and Havlik, 1990).

The main question addressed by this paper is which temperature mea-
surement methodology is best for predicting and mitigating damage to crops
by frost. The ideal method should be applicable for a wide range of weather
situations. It should also be as close as possible to the temperature of the
threatened plant tissues.

2. Materials and methods

The measurements were carried out during a period from the 10" of April
2018 to the 9" of May 2018 (Table 1) in the experimental area of Moravsky
Zizkov (South Moravia, Czech Republic), which has a long-term average an-
nual air temperature of 9.2 °C, an average annual precipitation of 482 mm,
and a long-term average monthly temperature of 9.7°C in April and of
14.5°C in May. The surface temperature of the plant tissues (surface ther-
mometer), the air temperature and air humidity in a radiation shield (shel-
tered thermometer and humidity meter), the wet bulb temperature with an
unsheltered thermometer (thermometer covered with a wet cloth; wet tem-
perature), and the air temperature with an unsheltered thermometer were
measured at ten-minute intervals. The sensors were located at the same
height in the immediate vicinity of the crop. The air temperature in the
radiation shield at a standard height of 2m and the wind speed at a height

Table 1. Overview of measurement dates for individual plant surfaces.

Plant species Measured Beginning of End of
surface measurement measurement
apricot flower 10*" April 2018 16" April 2018
pear flower 16" April 2018 2224 April 2018
grapevine leaves 2274 April 2018 15 May 2018
pear green fruit 1%*May 2018 9" May 2018
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of 6 m above the terrain were measured at a distance of several metres. The
air temperature was measured with a DS18B20 sensor (Maxim Integrated,
San Jose, California, USA). Air humidity was measured with a HIH-4000
sensor (Honeywell, Golden Valley, Minnesota, USA).

An infrared temperature sensor, the Omega OS211-LT, connected to a
MeteoUNI data logger (AMET, Velké Bilovice, Czech Republic), was used
to measure the surface temperatures of the plant tissues — Fig. 1.

The period from sunset to sunrise, when plants and unsheltered thermo-
meters were not affected by shortwave radiation, was evaluated. Air tem-
perature measurement in the radiation shield was chosen as the standard
method of determining the air temperature. According to Snyder and de
Melo-Abreuet (2005), it is advisable to use a wet bulb thermometer in sit-
uations preceded by a rainy season or intense dew. The length of time that
the plant tissues are covered with dew varies overnight, but the wet bulb
thermometer loses heat by evaporation permanently. Consequently, a vari-
ant with an unsheltered thermometer placed close to the measured surface
was also realized. In the case of rain or dew, the presence of liquid water
on its surface is similar to that of the examined tissues.

Fig. 1. Measurement of the surface temperature of plant tissues with an infrared sensor.

3. Results and discussion

The courses of air temperature, air humidity and the surface temperature
of the budding leaf during representative weather conditions are shown in

Figs. 2 and 3. Cases with low wind speeds not exceeding 0.5 ms~! and
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with varying relative air humidity have been selected. In the first case, the
air humidity during the night ranged from 60-75% and only began to rise
rapidly close to the morning. Therefore, the wet temperature was below the
leaf surface temperature for most of this time and approached it when the
humidity increased. Although the wet thermometer showed a lower value
almost all night, the values were most similar when the stand temperature
was low. On the other hand, the air temperature measured by the shel-
tered thermometer was almost always higher than the temperature of the
stand and higher even when the stand temperature was at its minimum.
Relatively good congruence between the unsheltered thermometer and the
temperature of the crop was shown during the whole monitoring period.

The period of higher relative humidity was considerably longer in the sec-
ond case. After air humidity rose above 85%, all three curves (leaf tempera-
ture, wet temperature, and the temperature measured with an unsheltered
thermometer) almost coincide (even when the minimum is reached). The
fastest temperature increase was measured with the unsheltered thermome-
ter after sunshine was recorded; the increase in the surface temperature of
the budding leaves was lowest.

It is obvious that a good relationship can be expected between the surface
temperature of plant tissues and the temperature measured with the unshel-
tered thermometer. For the wet thermometer, the magnitude of deviation
depends on the air humidity or the occurrence of precipitation (Fig. 4). The
difference between the temperature of the wet thermometer and the flower
temperature was greater than 2 °C before rain. The unsheltered thermome-
ter showed a very good relationship with the flower temperature before the
rain. Its values came close to those of the wet thermometer due to moist-
ening by the rain. The air temperature measured in the shield indicated
higher values than the actual flower temperature.

Fig. 5 shows the significantly different meteorological situation that oc-
curred the following night. The radiation character of night weather and
windlessness contributed to a sharp drop in air temperatures and the surface
temperatures of apricot flowers. The surface temperature of flowers during
this type of weather fell to its lowest value. A similar state can be expected
even when temperatures drop to or below 0°C, i.e., to a level with a risk
of flower damage from frost. This course confirms the effect of the cooling
character on the reaction of thermometers of various constructions. This

17
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on the 12-13%" of April 2018.
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Fig. 5. The courses of air temperatures and the surface temperature of the apricot flowers

on the 13-14*"" of April 2018.
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fact has a significant influence on the success of agro-meteorological models
for the prediction of frost on vegetation.

A statistical evaluation of the deviations between the measured minimum
air temperatures and the surface temperature is presented in Figs. 6 to 9.

In terms of minimum temperatures, the smallest differences were found
using a wet thermometer or unsheltered thermometer. The maximum de-
viation for the budding vine leaf was —0.74 °C, in the other investigated /ex-
amined cases it reached lower values. The highest deviations were detected
between the surface temperature of the plant tissues and the air tempera-
ture measured in the radiation shelter in close proximity to the given surface
as well as at a nearby meteorological station at a height of 2m. These tem-
peratures were higher by 0.4-0.8 °C on average. The highest deviations were
observed in the budding leaves of the grapevine, where they reached 1.5 °C.
Détinsky and Havlik (1990) state that there is a temperature difference of
0.3°C between the cherry blossom surface and the temperature measured
in the Stevenson screen at a height of 2 m during advection at night time;
this difference increased to 0.9-1.3 °C in the case of cherry leaves during the
radiation fog, where the vegetation surface is always cooler.

Based on the average deviations determined from all three night mea-
surements (Fig. 9) the best relationship was observed for the unsheltered
thermometer, while the wet thermometer usually showed a lower tempera-
ture and the sheltered thermometer measured a higher temperature.

The temperature of a plant organ is generally very close to air temper-
ature except in a few specific cases, for example when radiation and vapor
pressure deficit are low (Savvides et al., 2013). On the basis of energy bal-
ance, unshaded plant parts have a different balance of longwave radiation
and eventually latent heat at night. During clear nights, the surface tem-
perature of objects close to the Earth’s surface is lower than the ambient air
temperature due to longwave radiation (Curtis, 1936). Flowers have few or
no stomata and therefore do not exhibit transpirational cooling. At night,
when the radiant energy balance is negative, the buds or flowers may be ex-
pected to be colder than the atmosphere, and warmer than the air when the
sun is shining during the light part of the day (Grace, 2006). They may be
similar to the surface temperature of non-living parts of plants (Streda et al.,
2015) and significantly different in comparison to the surface temperature
of green plant parts.
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Fig. 6. Average and range of variation between the minimum flower temperatures and
the minimum air temperatures.
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Fig. 7. Average and range of variation between the minimum budding grapevine leaf
temperatures and the minimum air temperatures.
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Fig. 8. Average and range of variation between the minimum temperatures of pear fruit
and the minimum air temperatures.
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and the surface temperatures of various plant tissues.
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4. Conslusion

The air temperature measured in the standard way (in the Stevenson screen
or in the radiation shield) is almost always higher than the temperature of
the plant tissue during periods of negative energy balance. A sheltered ther-
mometer always shows higher temperatures throughout the whole night. A
wet bulb thermometer only has a good relationship with the temperature
of plant tissues during minimum temperatures. This is mainly because the
highest relative air humidity is reached at the moment minimum air tem-
perature is reached. A wet thermometer, depending on the relative air hu-
midity, can show a temperature that is even several degrees lower at night.
If it were used to control frost protection, it would run prematurely. An
unsheltered thermometer, in which the energy balance corresponds approx-
imately to that of the evaluated plant tissues, provides the best relationship
with the temperature of the plant tissues.
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Abstract: The occurrence of drought during flowering (usually from the end of May to
the beginning of June) is the most hazardous timing in terms of the possible negative
impact of agricultural drought on winter wheat, which is the most cultivated crop in the
Czech Republic (about 800000 ha). Lack of water, often accompanied by high tempera-
tures, negatively affects the number of grains in the wheat ear and the tissue development
of the developing grain, with consequent impacts on yield and quality of product. With
the use of a) long-term time series of agrometeorological data (1961-2010), b) long-term
phenological time series of winter wheat (1981-2010), and c) soil conditions data (avail-
able water capacity of soils of the Czech Republic) for the arable soil, the ratio of actual
evapotranspiration and potential evapotranspiration for the period of 1961-2010, used
as an indicator of agricultural drought (lack of water) for wheat, was calculated. The
innovative aspect of this categorization of the territory of the Czech Republic according
to the risk of occurrence of agricultural drought for winter wheat is considering drought
from the aspect of the plant, i.e., evaluation based on the actual consumption of water by
the vegetation. This is a very sophisticated procedure. Frequently, water content in soils
data, presented as an output of some models, do not fully indicate the possible negative
impacts on yield generation because the plants themselves are typically not considered.
The method used in this study is universally applicable and allows comparisons of regions
at the local, regional, and supra-regional levels. For estimation of the development of
agronomic drought in the future, the basic water balances in the growing seasons of 1961—
2010 and 2071-2100 were compared using a climate scenario. The forecast indicates a
significant deterioration of agricultural drought in the region with probable direct impacts
on agricultural production.

Key words: evapotranspiration, soil moisture, phenology, wheat, ALADIN, agroclima-
tology
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1. Introduction

Precipitation in the Czech Republic is characterized by considerable spatial
and temporal variability. In addition to certain types of synoptic situations,
this variability is also due to orographic influences, such as increase of pre-
cipitation with increasing altitude and slope exposure. Additionally, the
quantity and distribution of precipitation in central Europe are expected to
change in the future (Skvarenina et al., 2009; Nikolova et al., 2016). Climate
models predict moderate growth of rainfall by the year 2050, on average, for
the whole of the Czech Republic. Compared with the long-term average of
1961-2000, precipitation should increase in Moravia compared to Bohemia,
as suggested by the ALADIN model. Furthermore, this model assumes a
15% reduction in precipitation in winter, an increase in rainfall of up to
20% in the autumn period, and a 10% increase in the summer period. A
slight decrease in rainfall totals is expected by 2100 according to the out-
look. From the point of view of distribution of rainfall over the course of the
year, Stredovd et al. (2011) and Stredovd and Streda (2015) suggested that
there might be an increase in the number of days without precipitation from
the current 79.9 days to 141.6 days between 2071 and 2100. A simultaneous
increase in the mean sum of effective temperatures above 10 °C from the
current 2717°C to 3732°C is also predicted. These changes will increase
the evapotranspiration requirements of the environment where stands will
be exposed. Despite the fact that drought is a relatively recent problem in
central Europe (Klimesovd et al., 2017; Prochdzkovd et al., 2016), it is seen
as a long-term serious abiotic stress affecting yields of agricultural crops
throughout the world (Boyer, 1982).

The easiest way to define dry areas in the Czech Republic seems to be
through the course of the 500 mm isohyet of average annual precipitation.
Calculations of scenario values of potential evapotranspiration predict a
significant increase in drought risk in the Czech Republic. As a result of
estimation of meteorological and hydrological indexes, central and southern
Moravia, central and northwestern Bohemia, and lower and central Polabi
and Povltavi will be more vulnerable to drought (Kalvovd et al., 2002). Ko-
hut et al. (2009) carried out a detailed analysis of the development of water
conditions in the Czech Republic for the period of 1961-2000. The results
of the analysis showed that soil moisture is already decreasing at present.
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The limiting value for C3 cereals (e.g., wheat, barley, oat, rye), where
there is no reduction in transpiration, is a soil moisture in the root zone
value of about 50-65% of the available water capacity. However, long-term
values lower than 45% of usable water capacity are characteristic of the in-
tensely utilized agricultural areas of the Czech Republic up to about 300 m
above sea level.

Blum (2005) defines the onset of drought as a period when the plant
water demand is not satisfied and plant water deficit occurs. Lipiec et al.
(2013) define drought as the result of water flow imbalance between the
evapotranspiration demands of the environment and the transport of water
in the soil-root system. Generally, plant stress caused by drought can be
determined by measuring the water potential of leaves (Jones, 2007). Values
of —0.5 MPa indicate slight stress caused by drought resulting in significant
slowing of growth. To the contrary, values of around —1.5 MPa indicate very
strong stress caused by drought, with loss of cell turgescence and wilt.

Drought causes reduction of the number of founding grains during gener-
ative phases (Lawlor et al., 1981), and the flowering stage of development is
the critical period during which water shortages have the greatest impact.
The properties of a plant’s root system may increase the plant’s ability to
receive water. Hence, the root system has received great interest as the
organ responsible for the tolerance to drought of some crop varieties (Streda
et al., 2012).

The water consumption of cereals varies within about 300-800 1kg~! of
dry matter above ground according to the conditions of the environment
and the period of growth. Winter cereals need at least 500-600 mm of pre-
cipitation, or 500-600 1m~2, for high yields and about 8 tha~! or more for
the entire growing season. The availability of soil moisture, global radiation,
and saturation deficit are the main determinants of transpiration (Du et al.,
2011; She et al., 2012; Zeppel et al., 2008). The daily, as well as the long-
term, course of these variables influences the transpiration flow of the plant
(Naithani et al., 2012). In the event of drought stress, it is assumed that soil
moisture will have the greatest effect on the transpiration process (Matejka
et al., 2005). Changes in transpiration intensity are considered an indica-
tor of drought stress on the plant. This inspired the authors to develop
an internationally applicable universal method for categorization of areas
according to the risk of occurrence of agricultural drought for winter wheat.
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2. Material and methods

2.1. Categorization of the territory of the Czech Republic accord-
ing to the risk of occurrence of agricultural drought for winter
wheat

The input data for calculation of the ratio of actual evapotranspiration (aE:
evapotranspiration affected by the amount of water in the soil) and poten-
tial evapotranspiration (pE: the maximum demands on the environment for
evaporation and transpiration) consisted of a set of calculated daily values
of aE and pE for the period of 1961-2010 with the use of a method of calcu-
lation according to Penman-Monteith’s methodology (Penman, 1948). For
the purposes of the entire calculation “Agrometeorological Computing and
Information System” AVISO (Kohut, 2007; Kohut et al., 2009) which uses
selected algorithms (modified Penman-Monteith method) and is a Czech al-
ternative to the similar English model MORECS (The Meteorological Office
Rainfall and Evaporation Calculation System) was used (Thompson et al.,
1981; Hough et al., 1997). The model is based on the combined Penman-
Monteith’s equation for the calculation of evapotranspiration in a modified
manner. The input meteorological data are: air temperature and air hu-
midity in the form of water vapor, sunshine duration, wind speed and pre-
cipitation. To analyze the actual evapotranspiration (aE) were performed
for winter wheat with the using of AVISO model and methodology Allen et
al. (1998).

The data were calculated from an input of calculated series of meteoro-
logical variables (Skaldk et al., 2008) of the points of a regular 10 x 10 km
grid network (789 points within the Czech Republic). The aE and pE val-
ues for winter wheat were calculated on the basis of the phenological and
biological specifics of the species, and the specific hydrolimit was derived
for each calculation grid point from the available water capacity layer. The
average date of the beginning of flowering was determined from the pheno-
logical layer of the beginning of the flowering of winter wheat (1981-2010
i.e. the longest available homogeneous area-wide data series; database of the
Czech Hydrometeorological Institute) for each grid point, and the calcula-
tion period was set to within 10 days before and 10 days after that date.
Long-term (1961-2010) aE and pE were calculated for each grid point of
the specified period. These values were subsequently used to determine the
ratio sum aE/sum pE, and the resulting set of grid points with the assigned
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aE/pE ratios for the period of 19612010 was created. A GIS dot layer was
subsequently created from these data.

The values for the individual points were interpolated using the local
linear regression method with an altitude dependence with the estimated
value correction to maintain a value corresponding to the location of the
station (ClidataDEM method used in the CLIDATA database of the Czech
Hydrometeorological Institute). The resulting raster model was then pro-
cessed in the ArcGIS 10.3 software environment and subsequently blotted
out by the nearest neighbor method. Raster layers were then reclassified
into individual categories with a step of 0.04 and converted to polygons.
Only areas classified as arable land were selected from the resulting polygon
layer. The resulting map output was created in the GIS environment.

2.2. Potential water balance in the growing season

The basic parts of the water balance of a given area are precipitation and
evapotranspiration, which along with drainage forms the loss component.
Because of the complex interactions between soil, vegetation, and atmo-
sphere, evapotranspiration is very difficult to quantify. The total amount
of evaporated water depends primarily on the meteorological conditions
prevailing at the site. The determining factors are, above all, intensity of
sunshine, albedo and surface roughness, wind speed, air temperature, and
air humidity. Because this is a large number of factors, reference is made
to actual (or potential) evapotranspiration for each crop calculated by the
Penman-Monteith equation in the AVISO model (Kohut et al., 2009).

In order to capture the future climate trend, scenario data were cre-
ated at the Czech Hydrometeorological Institute. The scenario data were
created by integration of the regional climate model ALADIN-Climate/CZ
within the CECILIA international project. As part of this project, climatic
conditions for Central Europe were simulated using ALADIN-Climate/CZ
with a resolution of 10 km. The simulation was carried out with using the
A1B emission scenario (according to IPPC). Based on simulations of the
ALADIN-10 model, the water balance (difference of precipitation and ac-
tual evapotranspiration) in the growing season (i.e. April to September)
for the periods of 1961-2010 and 2071-2100 was calculated for the Czech
Republic (details in Chuchma et al., 2017).
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3. Results and discussion

3.1. Categorization of the territory of the Czech Republic accord-
ing to risk of occurrence of agricultural drought for winter
wheat

The aim of the analysis and mapping of the outcomes was to define areas
with increased risk of agricultural drought occurrence during the critical
growth and development phase of winter wheat vegetation (flowering) in
the territory of the Czech Republic based on a sophisticated synthesis of a)
long-term time series of agrometeorological data, b) long-term phenologi-
cal time series of winter wheat, and c) soil conditions data (available water
capacity of Czech soils) for the arable land category (Fig. 1). The risk of
occurrence of agricultural drought for winter wheat according to drought
indicator aE/pE on the territory of the Czech Republic was categorized to
six the same range intervals. Since in this case we deal with a relative risk
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Fig. 1. Categorization of the territory of the Czech Republic using aE/pE according to
the risk of occurrence of agricultural drought for winter wheat (1961-2010).
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quantification, these categories do not correspond to climatological or hy-
drologic drought categories.

In accordance with the research priorities of the Ministry of Agriculture
for the period 2017-2025, the map provides partial information for optimiza-
tion of crop representation in each locality, organization and optimization of
farming techniques, use of minimization and soil conservation technologies
for better soil retention, utilization of varieties tolerant to drought, and the
potential for using an effective irrigation system at the time when plants
most need water.

It should be possible to refine the application of countermeasures lead-
ing to soil protection, especially against wind erosion and nutrient loss, thus
ensuring all of their functions and sustainable arable farming. The devel-
oped method (map) will, among other uses, be applicable to legislative and
non-legislative documents of the Ministry of Agriculture intending to mit-
igate the impacts of agricultural activities on natural resources, including
land. The documents are useful for the verification of previous outputs with
possible application in the Ministry of Agriculture.

3.2. Potential water balance in the growing season

Roznovsky et al. (2015) used for the calculated long-term values of water
balance from grassland (mm) during vegetation period eight categories (less
than —150 mm to more than 150 mm), out of which six were given by inter-
vals of 50 mm and two tail (no danger risk of drought — exceptional risk of
drought). Nevertheless, for our evaluation mere eight categories are insuffi-
cient, because water balance lower than —150 mm fits for significant part of
the Czech Republic. Verbal categorization of those categories has not been
set yet.

Figs. 2 and 3 show the values of potential water balance for the periods
of 1961-2010 and 2071-2100, respectively. For the period of 1961-2010, the
most significant interval of water balance is the interval of 0 to —50 mm
(Table 1). This interval is represented broadly on 21.73% of the territory
of the Czech Republic. Negative values of water balance show areas where
potential evapotranspiration prevails over rainfall. A total of 71.55% of the
Czech Republic is within the range of potential evapotranspiration from 0
to less than —250 mm. Water balance values in the growing season lower
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Fig. 2. Water balance in the growing season for the period of 1961-2010.
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Fig. 3. Water balance in the growing season for the period of 2071-2100.
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than —250 mm are typical for the most fertile parts of the Czech Republic
(southern Moravia, Polabi), where the land is used mainly for agricultural
purposes. Greater predominance of potential evapotranspiration over rain-
fall could pose a major problem in the future, especially in the context of
drought threat. Additionally, in 28.43% of the territory of the Czech Re-
public, precipitation totals in the growing season are greater than potential
evapotranspiration. These regions are mainly mountain and foothill areas.
These findings should also be perceived in the context of officially set farm
land prices, where the highest prices and, in theory, the most productive
land correspond to sites where drought is already being monitored and is
predicted to increase in the future. In the soils traditionally considered as
the most fertile, water is gradually becoming a limiting factor.

Table 1. Area of individual categories of potential water balance in the growing season
for 1961-2010 and 2071-2100.

1961-2010 2071-2100

mm % of the territory mm % of the territory
< —250 3.66 < —250 10.99
—250 — —200 3.68 —250 — —200 12.37
—200 — —150 8.59 —200 — —150 17.34
—150 — —100 14.15 —150 — —100 19.41
—100 — =50 19.74 —100 — —-50 18.60
—50 — 0 21.73 —50 — 0 8.50
0— 50 13.29 0— 50 4.59
50 — 100 5.69 50 — 100 4.39
100 — 150 4.25 100 — 150 2.33
150 < 5.20 150 < 1.48

A map layer of water balance during the growing season of 2071-2100
was created on the basis of emission scenario A1B (Intergovernmental Panel
on Climate Change [IPCC]). Based on the analysis, in the future, potential
evapotranspiration will prevail over precipitation in most of the territory
of the Czech Republic, specifically 87.21% of the territory. According to
estimates, this means a 15.66% increase compared to the period of 1961
2010. In the period of 2071-2100, the largest part of the Czech Republic
(18.60%) will fall within the water balance range —100 to —50 mm. Con-
sequently, a significant extension of sites with potential evapotranspiration
predominant over precipitation is expected. In the future, a predominance
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of precipitation over potential evapotranspiration during the growing season
is expected only in mountainous areas. Between 2071 and 2100, there will
be a pronounced decline in water balance values at all altitudes compared
to the reference period of 1961-2000. More frequent occurrence and higher
intensity of drought can therefore be expected.

4. Summary

The innovative aspect of the method of categorization of the territory of the
Czech Republic according to the risk of occurrence of agricultural drought
for winter wheat is considering drought occurrence from the aspect of the
plant, i.e., evaluation based on the actual need of water by the vegetation.

The resulting maps also define areas as at risk that appear to be less
risky on standard maps; however, depending on actual precipitation, these
areas correspond to areas of wheat agriculture affected by drought in recent
years. The map therefore forms a basis for wheat cultivation targeted for
relevant features and for regionalization of varieties.

The comparison of the water balance in the growing season for the pe-
riods of 19612010 and 1971-2100 predicts a significant deterioration of
agricultural drought in the region.
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Abstract: This paper is a general review which basically focuses on the role of geoelectri-
cal surveys in characterizing and deriving the constraints and hydrogeological conditions
in semi arid Khanasser valley region and its surroundings in Northern Syria. Schlum-
berger configuration has been used to carry out ninety six vertical electrical soundings
VES, distributed on nine transverse and three longitudinal profiles. Their quantitative 1D
interpretations with different techniques yield to develop several alternative approaches,
that enable us to derive and determine the hydrological parameters of the structures con-
trolled by the groundwater distributions. Two different northern and southern geological
structures separated by Hobs-Serdah water divided line were electrically characterized.
Both of them are of very conductive zones of a resistivity less than 4 2m, and related to
the intrusion of salty water in Quaternary and Paleogene aquifers. The qualitative in-
terpretation of the iso-apparent resistivity maps for different AB/2 spacings has allowed
the delineation of those two structures. Those two identified structures have their evident
influences on the distributions of thicknesses, resistivity, salinity, hydraulic conductivity,
and transmissivity of both Quaternary and Paleogene aquifers. The high resistivity ex-
ceeding 300 2m on the measured VES is a very good signal of the presence of basalt
formation of upper Miocene age in Jebel Al Hass in the west and Jebel Shbith in the east.
The geometry and the electrical characteristics of Quaternary and Paleogene aquifers and
the top of Maestrichtian have been well recognized. Quaternary paleosabkhas, fractured
zones and tectonic features of the subsurface of Khanasser valley have been delineated
through analyzing VES distributions along the executed longitudinal and transverse pro-
files. Different empirical relationships have been already established through coupling
geoelectrical resistivity and hydrochemical data, which allows to derive and establish dif-
ferent salinity maps for different AB/2 spacings, and to outline the boundaries between
fresh, brackish and saline waters. Two different alternative approaches have been also
developed for geophysically computing and estimating the hydraulic conductivity and
the transmissivity of the aquifers in the study region. The different hydrogeophysical
approaches developed in this integrated geophysical research project for water resource
management have been successfully applied in Khanasser valley, and can be recommended
to be practiced in similar worldwide areas.
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1. Introduction

The growing population problem and the development projects lead to in-
creasing demand for groundwater as a national target. The application of
very severe water management practical laws, however, have the ability to
improve water quality and its use. Hydrogeological modeling procedure is a
useful practice tool for water conservation and tables protection (Jaworska-
Szule, 2009; Takhur, 2016), but sufficient details about groundwater quan-
tity, quality and movements are required for its successful application. We
cannot unfortunately use the boreholes of prohibitive coast to get a precise
hydrogeological schema. The relevant solution is therefore to incorporate
the geophysical measurements to allow and elaborate such an hydrogeolog-
ical procedure.

The DC geoelectrical methods are considered as primary geophysical
tools, that play a dominant role in groundwater exploration. In fact, the
resistivity parameter is intrinsic in such water researches, and more con-
trolled by the water-related attributes than by the resistivity value of solid
rock. A subsurface sedimentary layer could be often subdivided into dis-
tinct geoelectrical units depending on the water content and the degree of
salinity. Moreover, different empirical and semi empirical relationships have
been already developed between the resistivity (p) and hydraulic conductiv-
ity (K) of an aquifer (Chandra et al., 2008; Niwas and Singhal, 1985; Niwas
and Singhal, 1981; Heigold et al., 1979; Kelly, 1977). Different power em-
pirical law equations have been thereafter constructed between the different
aquifer parameters and those obtained by geoelectrical resistivity techniques
(Massoud et al., 2010; Attwa et al., 2009; Soupios et al., 2007; Purvance and
Andericevic, 2000; Arétouyap et al., 2015, 2017, 2018; Tizro et al., 2010,
2012; Kazakis et al., 2016; Niwas et al., 2011; Niwas and Celik, 2012).

Apparent resistivity measurements (pa) obtained through application of
the geoelectrical (DC) methods are used to derive the resistivity distribu-
tion in the subsurface medium. The field resistivity data are quantitatively
interpreted, where different possible solutions could by obtained by the in-
version methods. The only inversed acceptable solution model is the one,

38

Bereitgestellt von University Library Bratislava | Heruntergeladen 05.09.19 10:07 UTC



Contributions to Geophysics and Geodesy Vol. 49/1, 2019 (37-66)

which produces the best fit between measured apparent resistivity data and
theoretical generated curve. The 1D inversed layered model is assumed
while interpreting the vertical electrical sounding (VES), if the subsurface
is basically 1D in the vicinity of the sounding location, and if the perturba-
tions due to shallow lateral inhomogeneities are minimal. The 1D inversion
practiced in this research for interpreting the field VES resistivity data has
given quite reasonable results regarding the evaluated depths of geological
interfaces in the study region. The VES technique is therefore still common
and largely used for deep groundwater exploration problems, especially in
semi-arid areas (Skinner and Heinson, 2004; Asfahani, 2007a; Asfahani,
2010a; Chandra et al., 2010; Eleraki et al., 2010; Khalil, 2012; Metwaly et
al., 2012).

The study area is one of the integrated research sites of International
Centre for Agriculture in Arid Dry Areas (ICARDA) National Resource
Management Program. The choosing of this site is justified by addressing
problems attached to the marginal dry land environments. The poverty
and the relative easy accessibility, the diversity and dynamics of the nat-
ural resources and livelihoods, make the study region of Khanasser valley
as a suitable prime candidate. The scientific program in this site includes
regular monitoring of ground water levels and water chemistry, water use
assessment, recharge studies, pumping tests, and geoelectrical investigation
surveys. All those mentioned applied techniques in this project are oriented
towards providing information for the formulation of sustainable resource
management strategies and determining potential ground-water use. It is a
fruit of collaboration between three scientific organizations, Syrian Atomic
Energy Commission (AECS), ICARDA, and Bonn University, Germany.

This paper represents a general review that describes, summarizes and
concentrates on the applications of the geoelectrical VES technique for solv-
ing different hydrogeological problems encountered in the semi arid regions
such as Khanasser valley, Northern Syria (Fig. 1). This review paper aimed
therefore at clarifying the integrated geoelectrical results that we have al-
ready obtained during the realization of this above project. The interested
readers however are advised to consult our different cited papers in order to
get more detailed information about all the different technical approaches
discussed in this present review. The ten specific cited related papers, treat-
ing the different developed approaches, have discussed in more details all
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Fig. 1. Location of the Khanasser valley, Northern Syria and its geology.

the technical aspects related to the assumptions and interpretations.

The main objectives of the geoelectrical surveys carried out in Khanasser

valley and its surroundings are therefore to cover the following geophysical
research topics:

1.

40

Determine the geometrical characteristics of both Quaternary and Pale-
ogene aquifers in the Khanasser valley, and basalt of Al-Hess and Shbith
mountains.

. Clarify the tectonic and evolution scenario characteristics of the study

area, especially the geological structures related with groundwater dis-
tribution.

. Relate the geoelectrical resistivity data with aquifer hydrogeological pa-

rameters and transfer the measured resistivity maps to subsurface salin-
ity and groundwater quality maps.

. Evaluate the salt water intrusion phenomenon in the studied Khanasser

valley region.

. Determine the groundwater flow directions in the Quaternary and Pale-
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ogene aquifers in the Khanasser valley by using circular multi directional
VES.

6. Develop and apply purely alternative geophysical approaches for deriving
the hydraulic parameters of the aquifers in the study area.

2. Geology and Hydrogeology

Khanasser Valley of north-south direction is located in Northern Syria, ap-
proximately 70 km southeast of Aleppo city, and directly south of the salt
lake of Jaboul. It is located 300-400 m above sea level, between the hill
ranges of Jebel Al Hass in the west and of Jebel Shbith in the east as indi-
cated on the Khanasser valley geological map (Fig. 1). The Maestrichtian
“Cr2m”, is the oldest formation in the area, and considered as a water-
confining layer of 150-200 m thickness (Ponikarov, 1964). The lithological
outcrops of the study Khanasser valley consist of clay, clayey limestone
flints, marl. The phosphate interbeds are observed in the southern part of
the valley region.

The maximum thickness of the Paleogene formation “Pg”, situated on
the top of Maestrichtian, is more than 220 m. It consists of clayey, chalky
limestones and silicified limestones, related to Lower Eocene and the Middle
Eocene formations (Ponikarov, 1964). Localized aquifers with low produc-
tivity are contained in both the middle and the lower Eocene (ACSAD,
1984).

On the top of the Paleogene rock, the Upper Miocene basalts, “BN1,3”,
are located and found in the west on Jebel Al Hass, and in the east on Jebel
Shbith. These basaltic formations of an average thickness of 10 m, and a
maximum of more than 40 m do not contain ground-water resources in the
Khanasser valley.

The Quaternary deposit of more than 25 m thickness exists in the centre
of the valley, and consists of alluvial and lacustrine, proluvial, deposits. We
can also find the gypsum in the lacustrine deposits. The Quaternary for-
mation holds unconfined ground water in conglobreccia and sometimes in
sand.

The semi-arid conditions dominate the valley, located at the fringe of the
Syrian steppe (Hoogeveen and Zobisch, 1999). The valley is characterized
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by an annual rainfall of 200-250 mm, with high annual and inter-annual
variability (Soumi, 1991). The total surface of the study Khanasser valley
is 322.5km?. The Khanasser valley is composed of a gently undulating plain
with a wide shallow network dry erosion channels. The hill ranges of Jebel
Shbith and Jebel Al Hass form calm rolling plateaus, which end in well-
defined steep scarps towards the Khanasser valley with V-shaped erosion
channels.

Hydrologically, Khanasser Valley is located on the border between two
surface water catchments (Wolfahrt, 1966, 1967; Hoogeveen and Zobisch,
1999). The surface water drains towards a salt depression (Sabkha) in the
southern part of the steppe catchment. The Jaboul catchment is related
to the northern part, in which the drainage pattern is directed towards the
Jaboul salt lake. Those two basins are separated by a dividing line between
Al Hobs and Serdah villages (Fig. 2).

The scarcity and the salinity of water resources increasing from south to
north are regarded as the main serious obstacle in the development of the
Khanasser study region.
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Fig. 2. Locations of the field VES in the Khanasser valley and its surroundings.
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3. Geoelectrical Resistivity Field Surveys

Geoelectrical surveys have been applied in the Khanasser valley and its
suroundings to electrically characterise the behaviour of both Quaternary
and Paleogeane aquifers in lateral and vertical directions. Vertical electrical
resistivity sounding (VES) is the main geoelectrical technique applied in
this research.

Vertical Electrical Soundings (VES):

The vertical electrical resistivity variations of the subsurface formations
in the Khanasser valley have been studied and characterized by applying
the Vertical Electrical Sounding (VES) technique. Ninety six VES with
a Schlumberger configuration have been measured in the Khanasser valley
and its surroundings. The locations of those VES are shown on Fig. 2.

The two A and B electrodes in the applied Schlumberger configuration
are used to impose the electrical current I on the study area, at varying
spacing expanding symmetrically from a central point. The maximum dis-
tance between A and B of 1000 m (AB/2 = 500 m) has been adapted for
all the VES carried out in the Khanasser study region. An additional pair
of electrodes M and N at appropriate spacing are used to measure at the
surface the resulting potential field AV.

The field apparent resistivity (pa) obtained by applying Schlumberger
array is given by the following equation:

27 AV
pa=— 1 1 T 7 (1)

AM  BM AN T BN

where [ is the current introduced into the earth, AV is the potential mea-
sured between the potential electrodes. AM, BM, AN, and BN are the
distances between the different current and potential electrodes.

The resistance AV/I is directly measured with an Indian equipment
(ACR-1), which allows to obtain subsequently the apparent resistivity (pa)
according to Eq. (1) (Dobrin, 1976).

The VES technique is based on the reality that the fraction of current
injected into the ground penetrating below a given depth, increases with
augmenting successively the separation between the electrical current A
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and B electrodes. By such a VES procedure, the electrical resistivity varia-
tion with the depth below a given point on the earth surface could be easily
obtained and estimated. Thus the electrical potential distribution on the
surface of the earth will be affected relatively more by deep-lying inhomo-
geneities within the earth.

The increase of the electrode spacing AB/2 about a fixed point, allows to
successively establish the apparent field resistivity curve “pa” as a function
of AB/2. The established field resistivity curves will be used for qualitative
and quantitative interpretations as will be documented and explained in this
paper.

Curve matching technique with the use of master curves (Orellana and
Mooney, 1966) is applied and practiced to interpret the resulting field resis-
tivity curves “pa”, and to get the initial determination of thicknesses and
resistivities of corresponding layers (initial approximate model). Inverse
technique program is thereafter used to accurately interpret the parameters
of the approximate model, until a goodness of fit between the field appar-
ent resistivity curve and the regenerated computed curve is obtained (Zohdy
and Bisdorf, 1989; Zohdy, 1989). A grid comprising nine transverse pro-
files oriented approximately NW-SE (Fig. 2), labelled TP1,TP2,...,TP9,
and three longitudinal profiles (LP1, LP2 and LP3) has been designed to
distribute the ninety six VES measured in the Khanasser valley. The dis-
tance between profiles was approximately 1 km and a VES was generally
made every kilometer long each profile (especially in the valley itself). This
observation interval was sometimes changed according to the topographic
conditions (Asfahani, 20070).

4. Results and Discussion

The Quaternary and Paleogene aquiferes have been described and charac-
terized in details by conducting an integrated geoelectrical research in the
study Khanasser valley, Northern Syria. The application of the geoelectrical
technique is aimed at solving different hydrogeological problems, posed in
the study area. Ninety six vertical electrical soundings (VES) have been
therefore executed and measured in the Khanasser valley and its suround-
ings. The qualitative and quantitative interpretations of those 96 VES allow
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us to reach several important hydrological results at two qualitative and
quantitative levels as follows:

At qualitative level, the analysis and the study of the iso-apparent resis-
tivity lines corresponding to different spacings AB/2 (from 3 m to 500 m)
reveals essentially the presence of two hydro-geological structures. One is lo-
cated in the north and the other one is located in the south in the Khanasser
valley region. Those two identified structures are separated by joining line
of Hobs and Serdah, where a clear deep tectonic effect is present along this
joining line (Asfahani, 2007b).

The northern structure, which is an elongated conductive zone of N36°E
direction with a very low resistivity (less than 4 Qm) is the expression of
saline groundwater intrusion in the Quaternary and Paleogene deposits. The
same direction of N 36°E is remain kept for all the studied AB/2 spacings,
which obviously indicates to the hydraulic connection between Quaternary
and Paleogene in this northern structure.

The southern structure is also an elongated conductive zone of N62°E,
direction with also a very low resistivity (less than 4 Qm), due to the saline
groundwater intrusion in Quaternary and Paleogene deposits (Asfahani,
2007b). In this southern structure, a clear separation between Quaternary
and Paleogene is signalled. In fact, this result is confirmed and sustained
by the fact that the axis of the conductive zone related to the Paleogene de-
posit becomes perpendicular to that of Quaternary at AB /2 spacings above
150 m. In addition, the dimensions of the southern structure attenuate at
AB/2 spacings greater than 200m. A composite model of the spatial evolu-
tion of the two identified north and south structures is shown in Fig. 3 for
AB/2 of 70, 100, 150, and 200 m.

At quantitative level, the assumption of one-dimensional layered models
1D is taken into consideration in this research. Curve matching technique
with its master curves are used to determine an approximate model includ-
ing resistivities and thickness of coresponding layers. An inverse technique
program (Resist software) is thereafter used to invert this approximated
model and to get the final optimum solution model. A typical field example
of VES curve at VES points 10-4 and its quantitative 1D interpretation
model is shown in Fig. 4.

The inversed interpretative VES results are calibrated in this research
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Fig. 3. Composite model for the two northern and southern structures for AB/2 of 70,

100, 150, and 200 m in the Khanasser valley (Asfahani, 2007b).
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2007b).
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through:

e Geoelectrical response acquired of different formations surface outcrops.
Each geological formation is characterized by a range of resistivity re-
sponse, that must be geostatisticaly treated in order to be considered
as an electrical signature for that formation. This procedure helps in
delineating the subsurface extension.

e Geological cross-sections constructed from the available geological map
of the area, that we compare and integrate with the obtained VES in-
terpretation to establish a trustable subsurface image.

We could not use the available drilled wells in the study area as a source
of information for the calibration, because they are of very shallow depth
(< 70 m) and have no lithological description logs.

The 1D VES interpretative results obtained in this integrated geophysical
research allow to solve different hydrogeological problems in the Khanasser
valley as follows:

1) Determine the geometrical characteristics of both Quaternary and Pa-
leogene aquifers in Khanasser valley. The Quaternary aquifer thickness
varies between a minimum of 4.5 m at the VES V4-3 (3.3 km east of
Khanasser) and a maximum of 99.4 m at the VES V9-2, 1.9 km north-
east of Shallaleh Kabireh, with an average of 38.5m. Its resistivity varies
between 4.1Qm and 43Q2m, with an average of 15.3Qm (Asfahani, 2007b).
The Paleogene thickness varies between a minimum of 54 m at VES V11
and a maximum of 283 m at VES V4-3, with an average of 162.4 m. Its
resistivity varies between 1.7 Qm and 16 Qm, with an average of 5.1 Qm
(Asfahani, 2007).

The top of Maestrichtian is also established. It varies between a mini-
mum of 60.2m at VES V1 and a maximum of 353.5m at VES V4-4, with
an average of 193.7 m. Its resistivity varies between 16 dm and 113 Qm,
with an average of 49 dm. The high resistivity of the Maestrichtian for-
mation signaled at few locations in the study region (order of 110 2m)
is due probably to the presence of phosphate.

The influence of Basalt formation on the established iso-apparent re-
sistivity maps is very well pronounced, enabling to eaisly trace and follow
the boundaries of this formation, particularly in Jebel Al Hass. From the
different iso-apparent resistivity maps, it is evident that basalt formation
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goes down deeply. Basalt thickness in Al Hass varies between 19 m and
95.5 m, with an average of 51 m, and basalt resistivity varies between
159 Om and 804 Om, with an average of 380 2m. The thickness of basalt
in Jebel Shbith varies between 29 m and 61 m, with an average of 44 m,
while its resistivity varies between 110 Qm and 241 Qm, with an average
of 166 Qm (Asfahani, 2007b).

Fig. 5 (a and b) shows the variations of both thickness and resistivity
of Quaternary, Paleogene and basalt along the longitudinal LP1 and the
transverse TP5 profiles.

a) Subsurface geoelectrical model along the profile LP1.
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Fig. 5. Geoelectrical sections along LP1 (a) and TP5 (b) profiles (Asfahani, 2007b).

2) Pichgin and Habibullaev technique (see Pichgin and Habibullaev, 1985),
which has been already modified and improved by Asfahani and Rad-
wan (2007) is widely used in this integrated geoelectrical research to
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interpret the VES data distributed along the studied longitudinal and
transverse profiles. It enables to precisely define the subsurface struc-
tures and the fracured zones by using the concept of non homogeneity
points “+”, whose distributions reflect them strongly. The twelve ex-
ecuted transverse and longitudinal VES profiles have been interpreted
by this technique, where interesting subsurface tectonic features have
been imaged and delineated. Figs. 6 (a, b, ¢) and Fig. 7 show examples
of using this technique for interpreting LP2, TP1, TP6 and TPS8 pro-
files. The integral geophysical-tectonic interpretation of those profiles
allows to determine the tectonic and evolution scenario characteristics
of the study Khanasser valley region, especially the geological structures
related with groundwater distribution. A reliable, fast, and economi-
cal approach applicable in arid areas of prominent relief and topogra-
phy in dry areas has also been proposed to detect subsurface structures
hence locating favorable and promising sites to drill fresh groundwater
wells (Asfahani and Radwan, 2007). The valley was developed as a dif-
ferentially subsiding graben during Quaternary and served temporarily
as Paleo-Euphrates’ course.The differential subsidence of the Khanasser
graben’s blocks formed characteristic structures of sharp rough morphol-
ogy, smoothed later by the Paleo-Euphrates running water effect. This
Khanasser graben became a greater lake extending from Al Jabboul de-
pression to Kharaitch depression. The large paleo lake shrank gradually
to its current borders, leaving behind the buried paleo salt lakes, whose
locations and extensions fit very well with subsurface structures mapped
by Asfahani (2007b), Asfahani and Radwan (2007) (Fig. 2).

The mapped subsurface horst structure groundwater divide, delin-
eated at the center of Khanasser valley along the transverse TPS§ profile
(Fig. 7) separates between the northern and southern structures. The
northern one is a deeper low structure, open to the Al Jabboul salt lake
with more saline water due to a southward subsurface flow. The south-
ern one is a shallower structure with saline, brackish and fresh water,
which might be explained by local dilutions caused by a runoff percola-
tion through dense faulting networks, (Fig. 7). The groundwater divide
line determined already by Asfahani (2007b), is close to the surface water
divide already delineated by Hoogveen and Zobisch (1999) rather than to
that suggested by Wolfahrt (1966), to the south near Khanasser town.
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Fig. 6. Geoelectrical sections along LP2 (a), TP1 (b) and TP6 (c) profiles, derived by
Pichgin technique (Asfahani and Radwan, 2007).

50

Bereitgestellt von University Library Bratislava | Heruntergeladen 05.09.19 10:07 UTC



Contributions to Geophysics and Geodesy Vol. 49/1, 2019 (37-66)

Ground water flowed from this subsurface divide in the NNE direction
toward the Al Jabboul depression and in the SSW direction toward the
Kharaitch depression, as mentioned by Asfahani (2007b).

The tectonic-oriented interpretation of the mentioned twelve profiles,
explains the origin of the Khanaser Valley as N15_E deep normal faults,
formed by the E-W tension which dominates in the northernmost parts
of the Arabian plate. Those deep faults served as basaltic lava conduits
before developing into a graben, whose central dissected blocks under-
went a differential subsiding. The role of those dense faulting within
the Khanasser Valley in mixing saline and fresh water is not excluded.
Sulfuric water encountered in some wells drilled in the Khansser Valley
may be attributed to the partial percolation of rainfall surface run-off,
through bituminous chalky limestone middle Eocene intercalating levels.

g
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Fig. 7. Geoelectrical horst section along TP8 profile, derived by Pichgin technique
(Asfahani and Radwan, 2007).

3) The second concern in this hydrogeophysical investigation in the Khanas-
ser valley is to attach the measured geoelectrical resistivity data with the
aquifer hydrogeological parameters in order to transfer the established
resistivity maps to subsurface groundwater quality and salinity map. The
conductivity (cw) and the TDS of well-water samples exist at the vicinity
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of some VES locations are calibrated together with the earth resistivities
estimated from VES sounding. This is done to get empirical relationships
between earth resistivity and water resistivity, and subsequently between
earth resistivity and total dissolved solids (TDS), (Asfahani, 2007c).

Regression analysis applied on such hydrogeophysical data indicates
the following empirical relationship between earth resistivity and TDS
concentration.

pe = —0.0028 TDS + 15.237 . (2)

According to this empirical relationship, the iso-resistivity lines of 5, 10
and 15 Qm represent a salinity of 2844, 1935 and 1025 ppm respectively,
(Asfahani, 2007¢). Tt is worth mentioning that the earth resistivity values
resulting from VES interpretation are representative of the Quaternary
saturated zone, where the real resistivity layer corresponding to water
sampling depth location was taken.

This calibrated regression relationship is used to convert the iso-
apparent resistivity maps corresponding for AB/2 of 70, 100 and 150 m
into salinity maps. The obtained salinity maps corresponding to penetra-
tion depths of 70, 100 and 150 m clearly indicate the presence of the two
mentioned geological structures trending of N36°E and N62°E. Fig. 8a
shows an example of the salinity map obtained in the Khanasser valley
for a constant AB/2 of 100m, for which the distribution of iso-saline lines
clearly indicates the directions of water movement in the study region of
Khanasser Valley.

Fig. 8b shows the cross sectioanl variations of the salinity along the
longitudinal profile LP3 as a function of AB/2 (Asfahani, 2010b).The
iso-TDS countours have tendancy to be allongated and directed towards
the surface between V1-2 and V3-4 in the high TDS region, due to the
excessive fresh water depletion in this area. The quality of groundwater
is affected by such a depletion and by the ascent of saline ground water
deep flow, that must be avoided. The positions of the faults shown in the
Fig. 8b are determined through interpreting VES data distributed along
LP3 by Pichgin and Habibuleave technique described above (4sfahani,
20100).

The distribution of fresh (pe between 10 and 15 Qm), brackish (pe
between 5 and 10 Qm) and salt water zones (pe < 5Qm), and their
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Fig. 8. (a) Salinity map for a constant AB/2 of 100 m in the Khanasser valley (Asfahani,
2007¢); (b) Salinity map as a function of AB/2 along LP3 in the Khanasser valley

(Asfahani, 2010b).
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variations in space along the longitudinal profiles LP1, LP2, LP3 were
established through converting depth quantitative interpretative mod-
els into different groundwater areas (Asfahani, 2007c; Asfahani, 2010b).
Fig. 9 shows the distribution of those different zones obtained through
integrating the results obtained for LP1, LP2, and LP3 in the Khanasser
valley. The depths of interface between different water zones were deter-
mined, that must be used for proper ground-water management.
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Fig. 9. Several water zones along Lp1, Lp2, and Lp3 in the study Khanasser valley region
(Asfahani, 20100).

4) The salt water intrusion signalled in the northern part of the Khanasser
valley has been also taken into consideration and studied in more details
through interpreting and analyzing the profile (Pr-1) of 8.67 km long
and of NE-SW direction. Aditional VES measurements called VB1 to
VBI15 have been carried out at the north of Hobs-Serdah water divide line
for this intrusion purposes as shown in Fig. 10a, (Asfahani and Abou Za-
khem, 2013). RES2DINV program is used to interpret the raw resistivity
data of nine VES distributed along Pr-1, and to obtain the 2D inverted
resistivity model as shown in Fig. 10b. The inverted model with rms
of 4.9% is obtained after 5 iterations, where a real penetration depth of
80 m is reached for the lithological section corresponding for AB/2 from
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3 to 200 m. The RES2DINV results obtained along the analyzed Pr-1
are in an acceptable agreement with those obtained by traditional VES
interpretations discussed in this paper. The evaluated TDS values com-
puted for different AB/2 spacings by applying the constructed empirical
relationship (3) (Asfahani, 2007c) between the interpreted earth resis-
tivity and TDS concentration were traced along the Pr-1 as a function
of the AB/2 spacings (Fig. 10c). The arrows shown in Fig. 10c indicate
obviously to the salt water propagation, reaching the surface at the VB5
location, where the contact between saline and brackish water is drawn.

Fig. 10c shows a supposed movement of saline groundwater from Ja-
boul salt lake towards the south, as a result of the intensive pumping and
a subsequent lowering of the groundwater table. The fact that there was
a groundwater divide in the middle of the valley between Atshaneh and
Rasm Asker in the first half of May 2002, when pumping was still going
on cannot sustain a groundwater flow caused by a hydraulic gradient
towards the southern region. The salts could actually moves towards the
hydraulic divide line in the form of a dense saline layer moving southward
in the lower Eocene and Quaternary, where the surface of this formation
was dipping to the south direction and the leakage factor of the old lake
or periodical transgressions during the wet season permitted the intru-
sion of salt water (Hoogeveen and Zobisch, 1999).

The general trends of the intrusion phenomenon discussed above are
also shown on the constructed geoelectrical lithological section of Pr-1,
where three zones of groundwater quality are depicted (Fig. 10d). These
zones are fresh water (pe > 10 Qm), brackish (pe between 5 and 10 m)
and saline groundwater (pe < 5 Qm). The interfaces existing between
those different water zones are also traced, where a large extension of the
brackish water is observed, indicating almost its dominance along this
Pr-1 section. A remarkable low-resistive anomaly, reaching the surface,
is also depicted at the VB5 location, where the well 97 of a depth of
40 m is located. This resistivity anomaly may indicate a probable saline
groundwater up-coning through Quaternary deposits resulting from the
intense fresh water pumping. The excessive fresh-water depletion af-
fects therefore largely the groundwater quality by upward of deep flow of
saline water, that should be necessarily avoided. It is therefore required
to monitor and keep the fresh-salt water interface in a stationary situa-
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Fig. 10. (a) Location of Pr-1 used for intrusion characterization in the Khanasser val-
ley (Asfahani and Abou Zakhem, 2013); (b) 2D inverted resistivity model along Pr-1
(Asfahani and Abou Zakhem, 2013); (c) TDS salinity map as a function of AB/2 along
Pr-1 (Asfahani and Abou Zakhem, 2013); (d) General intrusion trends observed along
established geoelectrical Pr-1 section (Asfahani and Abou Zakhem, 2013).

tion by pumping a limited amount of groundwater, and this depends on
the available fresh water and the water balance in the region.

5) Azimuthal directional VES technique is practiced in this research project
to delineate the groundwater flow directions in the Quaternary and Pa-
leogene aquifers in the Khanasser valley region.

The apparent resistivity in the directional VES technique is measured
for several directions through rotating an electrode array about its cen-
tre. Using this adapted effective technique, it is easy to determine the
principal directions anisotropy, related directly to structural or lateral
lithological changes in the subsurface (Massoud et al., 2009; Taylor and
Fleming, 1988). The anisotropy is generally caused by the presence of
fluid-filled fractures in a relatively resistive rock or soil.

Standard Schlumberger configuration is used to conduct three az-
imuthal resistivity soundings V6-3, V2-3, and V8-2 in the Khanasser
valley along the azimuths of 0, 45, 90, and 135.

Resistivity values for different AB/2 spacings in V2-3 have been plot-
ted on a polar diagram as shown in Fig. 11. The sedimentological nature
of the Quaternary aquifer composed of proluvial, alluvial and lacustrine
deposits is responsible on the provocation and the creation of the ob-
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served anisotropy. It has been found for the three studied polar VES
(V6-3, V2-3, and V8-2) a positive tendency between the transmissivity
of the saturated Quaternary aquifer and the ratio of pnin/Pmaes (ratio
of small apparent resistivity to the big apparent resistivity), for different
AB/2 (Asfahani, 2013). The principal directions of groundwater flow are
presented by the direction of p,,q; in the polar resistivity diagrams, as
shown in Table 1.

Table 1. Principal directions of groundwater flow for different AB/2 in VES (2-3, 6-3,
and 8-2).

VES No. AB/2 (m) Principal directions
of groundwater flow
VES 2-3 from 15 m to 500 m NE-SW
VES 6-3 from 5 m to 50 m N-S
from 70 m to 500 m NW-SE
VES 8-2 from 5 m to 40 m N-S
from 50 m to 200 m E-W
from 300 m to 500 m NE-SW

s s
-3 —5 =7 10 15 20 30 ~+-40 —4-50 ~8-70 ~+-100 —-150 ~8-200 ~4-300 —-400 —+-500

Fig. 11. Polar resistivity diagrams for different AB/2 in the VES 2-3 (Asfahani, 2015).

6) Two different purely alternative geoelectrical approaches have been de-
veloped, tested and applied during this integrated research project in the
Khanasser valley region. They are designed for deriving and estimating
the hydraulic parameters of hydraulic conductivity and transmissivity of
both the Quaternary and Paleogene aquifers in the Khanasser valley.

The first alternative methodology takes the clay effect into account,
where the hydraulic conductivity in the interpreted calibrated VES lo-
cations is firstly estimated by the use of Kozeny-Carman-Bear equation
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(Bear, 1972). Calibrated VES soundings in this geoelectrical alternative
technique are measured at the vicinity, where water samples taken from
known depth of Quaternary aquifer are available. The transmissivity of
the Quaternary in the Khanasser Valley is thereafter evaluated for those
calibrated VES. A calibrated relation (3) between transverse resistance
TR (TR is the product of the aquifer saturated thickness and its resistiv-
ity) and transmissivity 7" is consequently constructed, (Asfahani, 2012,
2013). This calibration relation permits thereafter to easily obtain the
transmissivity and the hydraulic conductivity, even in the VES locations
where no water samples exist.

The calibration relation constructed between T'R and T has the fol-
lowing form (Asfahani, 2012):

TR =5.758 *T+015 (3)

with R? of 0.736.

According to the clay geoelectrical alternative approach, the trans-
missivity of the Quaternary aquifer in the Khanasser Valley attains its
maximum of 131.6 m?/day (Fig. 12a).

The transmissivity of the Paleogene aquifer is also estimated by adapt-
ing an average hydraulic conductivity (K) of 0.0054 m/day (Asfahani,
2013). The low productivity characterizes the Paleogene aquifer. Its
transmissivity value varies between a minimum of 0.31 m?/day observed
at V2-3, and a maximum of 1.54m?/day observed at V4-3, with an aver-
age of 0.94m? /day as indicated in Fig. 12b (Asfahani, 2013). It has been
well noticed many differences in hydrogeological characteristics between
the north and the south of the Hobs-Serdah dividing line, already delin-
eated by Asfahani (2007b). A distinct relatively transmissive structure
is observed at the south of this line, whereas the transmissivity is more
complicated toward the north.

The second alternative geoelectrical methodology takes only the salin-
ity of the groundwater into account (Asfahani, 2016). According to this
approach, VES are firstly measured in the locations, where water sam-
ples are available. Empirical relationships between transverse resistance
Dar-Zarrouck TR and modified transverse resistance M TR, and between
MTR and transmissivity 1" are consequently constructed and calibrated
for those VES points as follows:
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MTR =2.017" TR — 91.84, (4)
with R? of 0.691, and correlation coefficient of 0.83, and
T =0.239" MTR + 153.9, (5)

with R? of 0.641, and correlation coefficient of 0.80.

Those two relationships (4) and (5) are thereafter applied and used to
extrapolate and evaluate the transmissivity even in the VES points where
no water samples exist. An acceptable agreement is noticed between the
hydraulic conductivity values obtained by this alternative technique and
those obtained by the four pumping tests, where those values range be-
tween 0.864 and 8.64 m/day (107> and 10~* m/s). Fig. 12c shows the
transmissivity distribution and hydraulic conductivity of the Quaternary
Khanasser valley. It is shown that the transmissivity obtained by the
salinity groundwater approach varies between a minimum of 79 m?/day
and a maximum of 814 m?/day, with an average of 283 m?/day and a
standard deviation of 145 m?/day. The average hydraulic conductiv-
ity of 13.8 m/day obtained by this second approach is overestimated in
comparison with that obtained by the first alternative clay approach
(2.23 m/day). This comparison between the two different developed ap-
proaches indicates to the importance of the clay effect, that must be
taken into account. The presence of the clay considerably decreases the
hydraulic conductivity of the studied aquifer, as it was demonstrated
through the analysis of the Quaternary aquifer in the Khanasser valley
region.

Finally, the present case study of Khanasser valley allows us to shows on
a real field example how the geoelectrical survey can largely contribute in
solving different hydrogeological problems in semi arid regions. The influ-
ences and interactions between the different hydrogeological constraints of
the Quaternary and Paleogene aquifers in the Khanasser valley have been
well discussed in this general review paper with a very detailed analysis.
The salinity distributions and its variations in the Khanasser valley have
been clarified through characterizing the two northern and southern hydro-
logical structures delineated by Asfahani (20070).

The role of the geoelectrical surveys in characterizing and deriving the
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Fig. 12. (a) Established Quaternary aquifer transmisivity map derived by clay alternative
approach in the Khanasser valley (Asfahani, 2013); (b) Established Paleogene aquifer
transmisivity map in the Khanasser valley (Asfahani, 2013); (c) Established Quaternary
aquifer transmisivity map derived by salinity alternative approach in the Khanasser valley
(Asfahani, 2016).
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hydrogeological conditions in semi arid Khanasser valley region in Syria has
been proven. The cost of those surveys is relatively cheap, and their applica-
tions efficacy give rapidly important subsurface hydrological results. Those
obtained results could be essentially required for future research manage-
ments and developments in the study region.

5. Conclusion

This general review paper describes and summarizes the main integrated
following results that we have already obtained during the geophysical re-
search project, carried out in the Khanasser valley:

1) The geometrical and electrical characteristics of both Quaternary and
Paleogene aquifers in the Khanasser valley region have been well delin-
eated. The depth to the top of Maestrichtian is also estimated. The
subsurface basalt distributions in Jable Al-Hess in the west and Jable
Shbaith in the east have been also characterized through interpreting
the VES measurements, executed on those two Jables.

2) The iso resistivity lines obtained for all AB/2 spacings indicate the
presence of two different hydrogeological structures, separated by Hobs-
Serdah water divide line. Those structures have their specific influences
on thicknesses, resistivity, salinity, intrusion, hydraulic conductivity, and
transmissivity of both Quaternary and Paleogene aquifers.

3) The boundaries of buried paleosabkha have been well delineated.

4) All the tectonic features with the fractured zones have been delineated
in the Khanasser valley region.

5) The intrusion phenomenon in the study region has been well discussed
and documented.

6) Two alternative geoelectrical approaches have been developed, tested and
successively practiced for estimating the hydraulic conductivity and the
transmissivity of Quaternary and Paleogene aquifers in the Khanasser
valley region. The first one takes the clay effect into consideration, while
the second one takes only the salinity of groundwater into account. Their
applications in the study region give convincible and reasonable results
in comparing with the results obtained by pumping tests.
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7) The role of geoelectrical surveys in characterizing and deriving the con-
straints and hydrogeological conditions in studying the semi arid regions
is clarified through the present case study of Khanasser Valley region in
Syria.

The geophysical information presented in this review paper is important,
and could be regarded as a basic document for future advanced hydrological
studies. All the different approaches developed in this geophysical research
have been successfully applied in the semi arid Khanasser valley, and could
be recommended for other similar worldwide areas.
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Abstract: There is an infinitesimal small non polarizable electric inertial charge in the
individual atoms or in a number neutral matter included to equal number of the electrons
and protons. We refer to the pure calculations verified by the experimental laboratorial
results, also planetary phenomena and cosmic observations. This inertial electric charge
is origin of a part of the measurable magnetic field in addition to self-consistent dynamo,
together as complementary origins to generate very complex magnetism of the celestial
bodies. Ultimately we refer to the null results of the test experiments for the spinning
bodies magnetic field and we see that neither used bodies in the experiments have been
number neutral (no equal number of the electrons and protons), nor the simple formula
of the Patrick Blackett is accurate in detail. But we have extracted a new formula in
agreement for all spinning bodies magnetic fields, in agreement with both terrestrial and
cosmic bodies. We verify the effect of electric charge asymmetry in expanding universe and
acceleration of the universe expansion and anisotropy of cosmic microwave background
and singularity paradox and solar wind and acceleration of solar wind and corona high
temperature puzzle as an equilibrium between the gravity and antigravity and mysterious
heat generation of the Sun and planets interiors and missing neutrino and the comets
plasma tail outward direction and pendulums mysterious precessions and some other
mysteries phenomena too.

Key words: electric charge asymmetry, celestial magnetic field, Nipher experiment,
expanding universe, corona, excess charge, microwave background, solar wind, antigravity,
missing neutrino, pendulums mysterious precession, Podkletnov effect

1. Introduction

Albert Einstein considered the origin of the Earth’s magnetic field, one of
the five most important unsolved problems in the physics and generally the
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origin of the celestial bodies magnetic fields is a long time mystery of the
science.

It has been developed, the gravity driven magnetic field by relevant sci-
entists to answer to the celestial bodies magnetic fields. Arthur Schuster
(Schuster, 1912) initiated such a hypothesis on the base of the gravitational
magnetism and Patrick Blackett (Blackett, 1947) formulized it in a sim-
ple correlation between magnetic moment and angular momentum of the
celestial bodies. Then these theories went to the laboratories to test exper-
imentally.

Blackett simple equation (Blackett, 1947) was showing that his golden
rotating cylinder should show a magnetic moment greater than 10~? Gauss.
But the experiments did not result such an answer (Wilson, 1923) and
Patrick Blackett (Blackett, 1952) announced, the failure of these gravita-
tional magnetism theories. After negative result of the Gravitational mag-
netism theories, the self-consistent dynamo was developing by scientists,
similar to the Einstein relativity that after null result of the Michelson-
Morely experiments (Michelson and Morely, 1887), the Einstein relativity
was growing rapidly.

The second half of the twentieth century, the dynamo theory, describing
the process through which a rotating, convecting, and electrically conduct-
ing fluid acts to maintain a magnetic field, was used to explain how hot iron
in the outer core of the Earth creates a magnetosphere.

Of course there are some controversial evidences opposite with self-con-
sistent Dynamo. For example, a new article by Gregory Ryskin (Ryskin,
2009), is showing that the Earth magnetic field origin should be revisited.
In Ryskin’s paper the correlation of the secular variation of the geomagnetic
field and oceans flows is opposite with the before concept of the core fluids
which was theorized reasonable for self-consistent Dynamo.

Thomas Cowling’s anti-dynamo theorem (Cowling, 1934) states that no
axisymmetric magnetic field can be maintained through a self-sustaining dy-
namo action by an axially symmetric current and he proved that a dynamo
can’t exist if both flows and magnetic field are axisymmetric about the same
axis. Some more of these anti-dynamo theorems are given in Moffatt (1978)
that purely toroidal motion can’t produce a dynamo, and neither can purely
planar motion. However, a mix of stationary magnetic field and dynamo,
strongly can resolve the paradoxes as the wave and particle complementary
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did resolve many paradoxes in the physics.

There are also thermal paradoxes for self-consistent dynamo theory for

example wide spread paleomagnetic evidence for a Geodynamo (Tarduno
et al., 2010) creates the new core paradox as a puzzle that what powered
the Geodynamo prior to inner core nucleation and too as noted by Denis
Andrault (Andrault et al., 2016) that:
“the Earth is a thermal engine generating the fundamental processes of ge-
omagnetic field, plate tectonics and volcanism. Large amounts of heat are
permanently lost at the surface yielding the classic view of the deep Earth
continuously cooling down.”

And then we need a source to keep the Earth core temperature almost
constant along the billion years and in reality the temperature constancy of
the core is needed until the Geodynamo to be stable historically to resolve
the thermal paradox.

The magnetic field is correlated with all spinning cosmic bodies espe-
cially about the neutron stars. The generation of extreme magnetic field in
neutron stars is completely ambiguity in self-consistent dynamo mechanism
and finding a dynamo region in so compressed neutron regions in these stars
is almost impossible. For example, PSR J1748-246ad is rotating at the sur-
face around the 25% of the light speed and for such a neutron star, assuming
a self-consistent dynamo is almost impossible.

It is clear that we should find a next way for magnetic field generation
on the neutron stars. However, it is visible that in the Sun like stars, the
dynamo is working well.

It is time now to revisit the theories and never we don’t allow to be
sure about anything and the history of science is showing that complete
sure about the scientific subjects is error. For that after a passing time,
some things new are opposing the before ideas we have been completely
sure about them and in reality the increase of the paradoxes is the sign for
failure of the theories.

It is almost hard to exclude the theory of the self-consistent dynamo and
dynamo theory may be actually in agreement with some celestial bodies.
But it is too visible that the spinning bodies also have different origin to
generate magnetic field.

Here in this paper we return to the origin of the celestial bodies magnetic
field and we want to show why the experiments didn’t result magnetic field
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for rotating disks in the laboratories.

We have obtained here a universal formula for spinning bodies magnetic
field completely in agreement with small and big bodies, whether terrestrial
or cosmic and it is all on the base of the electromagnetism not relevant to
any type of the gravitational theories, however the formula is very near in
shape to the Patrick Blackett simple formula.

We find that the self-consistent dynamo is not the main origin of the plan-
ets magnetic field presently whereas that it is yet a compatible theory for
some secular variations in the planets magnetic field. But the self-consistent
dynamo is yet compatible mainly in some types of the celestial bodies. In
reality on the base of the observations we find that both the self-consistent
dynamo and stationary magnetic field of the rotating bodies is working in
the celestial bodies as the complementary mechanism with different per-
centages in different bodies.

In addition to the magnetic field interpretations we have resulted here
that the electric charge asymmetry is reason of some biggest problems in
the cosmology and Earth and planetary sciences. For example, expanding
universe and microwave background asymmetry (CMBR) and solar wind
and its acceleration and corona puzzle and missing neutrons and comets
plasma tail out ward direction and pendulums mysterious precessions and
even the inflation theory and singularity paradox and many next mysterious
phenomena.

2. Electric charge asymmetry

For a very short description of the subject we refer here to some sentences
noted by Sujan Sengupta (Sengupta, 2000) that:

“Almost forty years ago Lyttleton and Bondi (1959) suggested that if the
electron and proton charge differed by a part in 101, it could account for
the expansion of the Universe. Consequently, interest developed on the issue
of the possibility of a tiny charge asymmetry of matter in particular and the
Universe in general. The subject gained general acceptance by the scien-
tific community after the experiment of Hillas and Cranshaw (1959). There
were several experiments to detect charge asymmetry in matter. However,
all these experiments put definite upper limits on the charge asymmetry
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which are much lower than that required by Lyttleton and Bondi (1959). It
18 worth mentioning that the strength of the electromagnetic interaction is
107 times stronger than the gravitational interaction and so any tiny elec-
tric charge asymmetry could have profound consequence. Considering the
anisotropy in the cosmic microwave background radiation (CMBR). Sen-
gupta and Pal (1996) found that the present excess number density of par-
ticles with charge e over the particles of opposite and equal charge must be
less than 8.5 x 10%6 ¢m™3.”

And as noted at (Sengupta and Pal, 1996) that:

“We point out that an overall electric charge asymmetry in the universe
will generate an anisotropy in the cosmic microwave background radiation
(CMBR) via the Sach-Wolfe effect. From this, an upper limit on the electric
charge asymmetry over a cosmological scale is found using the COBE data,
which implies ATT < 10~# for the CMBR. The same argument constrains
the charge of degenerate neutrinos.”

But we refer to a very precise experiment in Cavendish type series which

enabling to report experimentally a repulsive force in comparison with
attractive gravity. Francis E. Nipher in several consequent experiments
(Nipher, 1916, 1917, 1918, 1920) applied electric induction into the metal-
lic bodies as noted at New York Times (19 September 1917) that:
“If electricity can alter the gravitational attraction of the bodies used in
my experiments,” he said, “the same force can alter the Earth’s attraction.
If the negative electricity could be drawn from the Farth’s surface, grav-
itational attraction suddenly would cease and the cohesion of the Earth’s
surface would be disastrously affected.”

In a pamphlet issued (November 8, 1917), Prof. Nipher supplies experi-
mental evidence that gravitational attraction can not only be suspended or
nullified by the electrical current, but it actually can be transformed into
“gravitational repulsion”! All during the summer of 1917, Prof. Nipher had
his apparatus in almost continuous operation, and the experiments have
been repeated time and again, always with the same result.

Before connecting any form of electric current to the modified Cavendish
apparatus, Prof. Nipher took special precaution to carefully screen the mov-
ing element from any electrostatic or electromagnetic effects. His apparatus
briefly consists of two large lead spheres ten inches in diameter, resting
upon heavy sheets of hard rubber. Two small lead balls, each one inch in
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diameter, were now suspended from two silk threads, stationed at the sides
of the two large lead spheres, from which they were separated by a little
distance. Moreover, the suspended balls were insulated elaborately from the
large spheres by enclosing them first airtight in a long wooden box, which
was also covered with tinned iron sheets as well as cardboard sheets and
there was, furthermore, a metal shield between the box and the large metal
spheres.

In his first experiments, Prof. Nipher applied a high tension current from
a static machine to the large lead balls (Fig. 1).

Metal N
Shield A I

| |

Gravitic I |
Repulsion |
|

&) Vs I I

|

|

-l

I |->/Q\' f

Normal Gravity
Line

Fig. 1. Gravitational repulsion caused between large & small masses. Current on.

In one of these experiments the masses were “repelled” by a force nearly
twice as great as the initial gravitational repulsion.

First, a direct current of 20 Amperes as sent through the two large
masses, but no effect on the suspended masses could be detected. Next, an
alternating current of 20 Amperes was sent through the two masses, with
the result that the gravitational attraction was quickly reduced to zero, and
not only that but in 15 to 20 minutes the small lead spheres had moved
over one-half as much to the opposite direction as the distance they had
been attracted originally towards the large masses. Thus gravitation had
not only been completely nullified, but it was actually reversed.

In further experiments Prof. Nipher decided to check his results. To do
this he replaced the large solid lead spheres with two metal boxes, each filled
with loose cotton batting. These hollow boxes (having practically no mass)
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rested upon insulators. The metal boxes were then charged in every way
that the solid lead spheres had been, but not the slightest change in the
position of the lead balls could be detected. This would seem to prove con-
clusively that the “repulsion” and “gravitational nullification” effects that
he had produced when the solid balls were electrically charged were genuine
and based undoubtedly on a true inter-atomic electrical reaction, and not
upon any form of electrostatic or electromagnetic effects between the large
and small masses.

If we consider simply the atoms to be electrified inertial as an electric
charge asymmetry for electron and proton, it is clear that a mass included
to the equal number of the electrons and protons will have an infinitesimal
small inertial electric charge for infinitesimal small difference between the
electric charge of the electron and proton. But on the base of the electric
equilibrium, clearly along the time, the matter will be transferred to the
electrical neutral body by absorption of the excess electrons involved in the
matter between other particles (Fig. 2).

Fig. 2. Involving excess electrons in the matter.

This is a next magic of the quantum mechanics which even violates the
Dirichlet principle or pigeonhole principle. Because that here we have N,
number of the protons and N, number of the electrons and ultimately N,
number of the electrons are situated in the N, number of the protons with
N, < N,. So that ultimately we have an electrically neutral matter with
different number of the electrons and protons and all electrons will be simi-
lar. However, the atoms individually are electrical, but additionally we have
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electrically neutral matter and this is reason, why the rotation of the usual
disks doesn’t result the magnetic field whereas that fundamentally a matter
included to the equal number of the electrons and protons should result the
magnetic field. Then it is clear that the electrodynamics should be reformed
and this modification has been realized by some scientists before, for exam-
ple as noted at (Lyttleton and Bondi, 1959) that:

“If creation of matter, and also necessarily charge, is assumed, the Mazwell
equations must be modified to avoid strict conservation. The appropriate
modification is shown to involve additional terms in the current and charge-
density equations proportional to the vector and scalar potentials.”

Weber electrodynamics (Assis and Silva, 2000) is a modified electrody-

namics and there are also some theories to modify electrodynamics. But
for a natural modification of the electrodynamics on the base of the Mach’s
inertia principle or generally Mach’s mechanics (Mach, 1872, 1883, 1911,
1960), we may refer to the book “MOED: the modification of electrody-
namics by Mach’s inertia principle” (Lutephy, 2016). MOED (Modification
of Electro Dynamics) modifies electrodynamics by Mach’s mechanics as the
universal interconnection of the electric forces so that the Coulomb force is
generated in fully relational dynamics (mere ordering upon actual objects)
and the electric charge is depended to the large scale electric charge distri-
bution and such a change in the electric charge of the fundamental particles
by dependency to the universal electric potential energy is in reality a result
of the Mach’s mechanics as noted by Sachs and Roy (2003) that:
“We have seen that the qualities of localized matter, such as the inertial
mass or electric charge of ‘elementary particles’, are really only measures
of their interactions within a closed system of matter, between these entities
and the rest of the system. Thus their values are dependent, numerically,
on the rest of the matter of the closed system, of which they are elementary,
inseparable constituents. Their masses and electric charges are then mea-
sures of coupling within a closed system, not intrinsic properties of ‘things’
of matter.”

By the way when we have a body included to equal number of the elec-
trons and protons, this body has inertial electric charge and to visit this
inertial charged body in the laboratory we need to exclude the excess elec-
trons by physical ways. For example, it was used AC voltage into the metal-
lic bodies by Francis E. Nipher in his experiments and it was observed an
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electric repulsive force between metallic bodies. By AC voltage, the excess
electrons are assumed to be freed from atomic links transmitted to the sur-
face of the metallic ball to appear the electric repulsive force between these
bodies, where the Faraday cage was shielding in the Nipher apparatus, the
electric effect of the freed electrons distributed on the surface whereas that
Faraday cage not enabling to shield the effect of the non-polarizable inertial
electric charge.

This non polarizable inertial charge is not affecting on the polarizable
charge means not affecting on the individual free electric charges. This
character is the most important feature of the inertial non polarizable elec-
tric charges, reasoning to appear mysterious phenomena in the solar system
and the cosmos. Clearly this inertial non polarizable electric charge is not
possible to be shielded by Faraday cage whereas that Faraday cage shields
the polarizable electric charge. Of course it is possible that non-interaction
of the atomic level electric charge with free electric charges to be dependent
also to the quantum effect of the scale. Because that the inertial electric
charge is very tiny electric charge, but free charges are very larger and then
probably such a huge difference in the scale of these electric charges reason-
ing to avoid from interaction of them and such a probable scale dependency
of the interaction can be treated by scientists in the future.

Referring to the Nipher experiments, results that this repulsive force be-
tween metallic spheres in actual size is at least two times greater than the
attractive gravity as mentioned above and then we have for a pair of linked
e — p (electron-proton) that:

— €e—p

k 2= 2 o (1)
2G

q(csé—p = ? me—p ) (2)

where qf_p is inertial electric charge of a pair of linked electron-proton and
Me—p is the mass of each pair.

Then a pair of linked electron-proton have an inertial electric charge at
least equal to:

¢, =2x107%C. (3)
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This inertial electric charge is very smaller than the electric charge of an
electron. But as we see it is possible to detect by precise measurements in
the laboratory.

By the way on the base of the electric charge asymmetry calculated
by Nipher experiments analysis, the additional force between two normal
bodies (equal number of electrons and protons) m and m/ is addition of the
inertial electric force and pure gravity. Then in actual sizes based on the
Nipher experiments for two normal masses m and m’ in a distance R, we
have an additional repulsive force F' that:

mm’
F=-G Rz (4)
Now consider schematically a spherical universe with constant density. The
acceleration of the universe on a point in radii r because of shell theorem
is:

dv G/ dm
v o g _
i 2 dr = vdv, (5)

Ay =

and because that fj dm = pyV, = pU§7T7“3 and substituting this equation
in the Eq. (5) implies:

4
—gﬂGpUrdr =wvdv. (6)

Universe is expanding from an initial small radii and then by integrating
from zero it is resulted by Nipher experiments that:
v=—=Hr

7 H = \/gﬂ’G,OU . (7)

To obtain the Hubble law v = Hr by the cosmic bodies charge asymmetry
we need to reform the Eq. (2) as:

1

3G
qﬁé—p = ? Me—p ; (8)

and then the amplitude of the charge asymmetry calculated by Hubble
expansion is:
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g, =244 x 107%C. (9)

Then referring to the Hubble constant is showing that the electric charge
asymmetry obtained by universe expansion should be 1.22 times larger than
that of measured by Nipher experiments as a reason to understand that the
Nipher balls have not been completely ideal included to the perfect equal
number of electrons and protons and this is natural because that the actual
size is ever lesser than the ideal and we understand that the normal part of
Nipher metallic spheres has been 80% that of the cosmic matter.

Nipher type experiments is a way to reveal the numerically neutral bodies

with equal number of electrons and protons. But, there are other ways too.
For example, using heat to exclude excess electrons from their linked level
and there are treats in the cosmic and planetary phenomenology too. In
1993, the Nobel Prize in Physics was awarded to Russell Hulse and Joseph
Taylor of Princeton University for their 1974 discovery of a pulsar, desig-
nated PSR19134-16, in a binary system, in orbit with another star around a
common centre of mass. This binary pulsar was under study by Sujan Sen-
gupta (Sengupta, 2000) as an example to reveal the electron-proton charge
asymmetry. As noted by Sengupta (2000) that:
“A binary stellar system loses its orbital rotational energy by the emission
of gravity wave. If there exists a charge asymmetry between electron and
proton, then the system would also lose its orbital rotational energy due to
electric dipole radiation provided the masses of the two objects are not ex-
actly equal.”

And too that:

“Considering this fact and adopting the observed data of the binary pulsar
PSR B1913+16 an upper bound on the electric charge asymmetry between
electron and proton is obtained which is more stringent than the existing
bounds.”

Referring to the calculations of the Sujan Sengupta it is visible a bound
amplitude for charge asymmetry as

g, <32 x 107, (10)

This amplitude is almost 2% that of calculated at Eq. (9). But these
different amplitudes are not opposing each other because that a complete
number neutral body that N, = Np, is an ideal body and actually the ce-
lestial bodies are not completely normal. It is not hard to conceive that the
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stars are neutralized by electric equilibrium and the Sun strongly is now not
a perfect number neutral body suppose main of the Sun’s mass has been
neutralized electrically up to now. But the percentage of the neutralization
is different in different stars. Interestingly we will see that the magnetic
field of the Sun is showing the same about 2% normal body visible for PSR
B1913+16.

The absorption of the excess electrons is a mechanism that it is reason
to separate the star’s interior to the two different main parts which a part is
electrically neutralized part and the next part is numerically neutral or nor-
mal. How much the age of the star to be rather, its electric neutralization is
rather too. About the Sun the evidences are showing that the normal part
exists at the convection zone. The absorption of the electrons by normal
matter will transfer it to a pure gravity shape.

About the PSR B1913+16 also it was resulted that just 2% that of this
system is normal as a source of electric dipole radiation responsible to lose
the orbital energy and this is in agreement with observations for neutron
stars’ magnetic field which with almost constant mass and constant spin-
ning rate, the neutron stars have widely different amplitudes of the magnetic
fields. In reality, neutrons in normal body are under the electric repulsive
force and then stability of the neutrons in the neutron stars needs inter-
mediate exchange particles for example electrons, similar to the system of
atoms nucleons. Then neutron stars too are being neutralized electrically
by exchange particles and it is mistake to consider all the neutron stars as
a completely normal body.

The heat generation in the planets has been a long time mystery and
newly Andrault et al. (2016) claiming that lunar tidal effect is responsible
to keep the temperature almost in a constant size in the planets interior
whereas that such a mechanism is so far to accept. It is clear that the
planets interior should be cooled along the billion years whereas that exper-
iments are showing that temperature has been almost constant and this is
a paradox.

The force between atoms is addition of the gravity and antigravity in a
normal body. When this normal body is neutralized electrically then just
remains gravity. By Eq. (8) the antigravity is three times stronger than the
gravity and then in electrically neutralization of a normal body we have a
heat generation as great as two times of the total gravitational potential
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energy of the body. Now if we consider a normal sphere with mass M and
radius R, then by definition of the total potential energy of this sphere we
have a total heat generation as

M2
H=2G T (11)

If we consider the Earth initially as a normal body transferring gradually
to the electrically neutral body among the time, then total heat generation
of the Earth by Eq. (11) is 103 J and this is in agreement with billion years
heat generation of the Earth in average size of 4 x 10'®> W. In the planets
the mechanism of this phenomenon is that the absorption of the excess elec-
trons causes ever to create heat at the bottom of the outer core which it
is a normal shell. This mechanism is reason to increase ever the inner core
boundary by addition of the outer core to inner core because of absorption
of the excess electrons at the bottom of the outer core. This heat gener-
ation will be continued until that all the outer core be transferred to the
shape of the inner core and probably this is what it has been happened
for Mars which has tiny abnormal magnetic field. Inner core is electrically
neutralized by excess electrons and then the additional inter-atomic force is
just gravity in the inner core whereas that outer core inter-atomic force is
antigravity two times as great as the gravity and this phenomenon causes
to condensate the inner core highly in comparison with the outer core and
probably inner core solidity.

Scientifically measurements and calculation by Raymond Davis (Dauwis,
1964) and John Bahcall (Bahcall, 1964) on the solar heat generation by fu-
sion reaction was showing that the generated heat is 1/3 rather we wait from
the fusion reaction in the Sun. The assumed energy of the fusion reaction
is 1/3 rather than we observe from accounting the neutrinos. The discrep-
ancy between the number of predicted neutrinos and the number Raymond
Davis measured became known as “The Solar Neutrino Problem” or in new
popular contexts “The Mystery of the Missing Neutrinos”.

But here we see that there is no missing neutrino and in addition to the
fusion reaction we have a permanent generation of the heat by transforma-
tion of the repulsive force of the atoms to the gravitational force.

Calculations on the mass of the Sun’s shells is showing agreement be-
tween anti gravitational heat generation in the Sun and heat needed to
resolve the missing neutrino puzzle. Absorption of the cosmic electrons at
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the Sun or rejection of the positive charges is reason to generate heat by
transformation of antigravity to the gravity in the convection zone. In re-
ality the convection zone is divided to the two shells similar to the planets
core. A shell is inner convection zone included to the electrically neutral
matter by linked excess electrons and an outer convection zone included to
the normal matter with equal number of the electrons and protons. Then
ever there is a heat generation at the boundary between the inner convection
zone and outer convection zone and gradually the outer convection zone is
transferred to the inner convection zone similar to the transformation of the
outer core to the inner core in the terrestrial planets. The heat generation
by electro antigravity at the bottom of the outer convection zone causes
to appear convectional cells over the outer convection zone as a source for
granulation in the Sun’s surface. Also this convection in the outer convec-
tion zone as a rotating shell is reasonable to create self-consistent dynamo.

But in the Sun’s radiation zone boundary we have a next heat generation
by transformation of the antigravity to the gravity. We refer to the real-
ity that the electrically neutralized matter by excess electrons are divided
to the two shapes. When we have a usual matter electrically neutralized
by excess electrons then all electrons are similar involving between protons
with no difference. Then all electrons are linked to the protons and then
excess electrons are non-polarizable. But when the temperature is rising
highly larger than a critical temperature, the excess electrons become po-
larizable and this means that matter want to stay normal with equal number
of linked electrons and protons in high temperature. Then if we use from
two high temperature disks in an experiment (rather than critical temper-
ature) and shielding by a Faraday cage then against the usual matter we
will observe antigravity instead gravity similar to what it was visited at the
Nipher experiments. These unlinked excess electrons in high temperature
matter neutralizes electrically the matter in the absence of shielding effect
just in large scale. But we should notice that strongly the nearby links
are yet affecting together by antigravity for that just in this condition, the
excess electrons are polarizable against the linked excess electrons.

Then for each matter there is a critical temperature as a transition point
between linked excess electrons and unlinked excess electrons. It is now soon
to discuss this topic accurately and it needs to be continued by scientists in
detail.

80

Bereitgestellt von University Library Bratislava | Heruntergeladen 05.09.19 10:07 UTC



Contributions to Geophysics and Geodesy Vol. 49/1, 2019 (67-107)

Unlinked excess electrons are appeared when the temperature is higher
than the critical temperature. But when the temperature comes down then
unlinked excess electrons are transferred to the linked level and generating
heat.

In reality the Sun radiation zone is included to the hot plasma with tem-
perature rather than the critical temperature included to the unlinked excess
electrons whereas that inner convection zone is a low temperate plasma in-
cluded to the linked excess electrons and normal plasma exist in the outer
convection zone. This is reason that the temperature at the radiation zone
boundary to be ever constant for that by cooling plasma at the boundary of
the radiation zone along the time, unlinked excess electrons are transferred
to the linked level in the bottom of the convection zone and then generation
of heat at the boundary of the radiation zone avoids from decrease of the
temperature at this boundary as a reason for constancy of the temperature
at the boundary of radiation zone and as a reason to control the Sun’s heat
at a constant rate naturally as a natural thermostat. It is manifest that
constancy of the Sun radiation is important for life in the Earth.

The heat generation at the radiation zone boundary as a kinematic en-
ergy can also generate convective overshoot as a phenomenon of convection
carrying material beyond an unstable region of tachocline (Gilman, 2000)
into a stratified stable region over a thin shell between radiation zone and
convection zone. This thin shell between radiation zone and convection zone
is the same what scientists have named it overshooting zone which comput-
ers are showing a value of magnetic field for that (Fig. 3).

We may consider also a high temperature plasma disk covered by metal-
lic screens, rotating in high speed to observe magnetic field generated by
inertial electric charge of the hot plasma as a new discovery.

By the way, we see that the Sun like stars are not completely normal
suppose mainly transferred to the electrically neutral matter by absorption
of the excess electrons or excluding the positive nucleons. This mechanism
is directly resulting the source for cosmic rays. The electrically neutraliza-
tion of the cosmos is accompanied with generation of the cosmic rays as a
source of cosmic sea of the ionized particles, reasoning to generate shielding
effect for unlinked excess electrons in high temperature plasma in large scale
systems like the stars’ interior.

In reality the absorption of the excess electrons and rejection of the pos-

81

Bereitgestellt von University Library Bratislava | Heruntergeladen 05.09.19 10:07 UTC



Lutephy M.: Evidences of the charge fundamental asymmetry (67-107)

Fig. 3. Credit image: Peter Calligari, Fernando Moreno-Insertis and Manfred Schiissler.
(The yellow hemisphere represents the bottom of the convection zone and the transparent
one represents its surface. The green line is a bundle of magnetic field lines which has
risen from the bottom of the convection zone up to the surface. The little superimposed
picture with the two sunspots shows how the bundle of magnetic field lines appears to us
when it emerges at the surface.)

itive ions are accompanied and then the total number of the positive cosmic
rays is equal to the number of the excess electrons absorbed by matter in
the stars and celestial bodies. We can say that concentration of the excess
electrons in the stars is accompanied with distribution of positive nucleons
in the cosmos and then all the stars and planets and galaxies are floating in
a universal sea of the positive cosmic rays.

Generally, we have several clear items that:

a) In the universe the number of the electrons and protons is equal.

b) The number of electrons and protons is conserved if there is no creation
of matter and disappearing of the matter.

¢) The density of excess electrons is proportional with mean density of the
baryonic matter.

d) The density of the cosmic ray is more where the point is farer from the
massive areas (Voids).

And then it is appeared a formula for constancy of addition of the excess
electrons density and cosmic ray density as:
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Pexcess T Psea = k. (12)

By this formula we find that the vacuum distance between the galaxies
is the space with more density of the cosmic ray sea and this means that the
large scale vacuum between the galaxies cause to shield highly polarizable
electric charges. on the other hand, referring to the Poisson equation of
screening effect as the dielectric generated by fluid medium (Kamrin and
Kowal, 2012), the distance between the galaxies is a factor to increase the
screening effect and then the shielding effect is increasing between galax-
ies. Ultimately we understand that there is a transition radius which in
that radii, the gravity is transferred to the antigravity by increase of the
shielding effect for unlinked excess electrons in the stars as a reason for
gravity at galaxy scale and antigravity at inter galactic scales and larger
scales responsible for universe expansion.

3. The origin of the rotating normal body’s magnetic field
and cosmic big mysteries

There are several theories about non-electrical spinning bodies magnetism
initiated by Arthur Schuster (Schuster, 1912). On the same process, Patrick
Blackett (Blackett, 1947) on the planetary observations did result a phe-
nomenological formula for magnetic moment of non-electrical rotating bod-
ies. His formula went to test in the laboratory. But the experiments were
not success to show the predicted magnetic field. For example, Wilson
(1923) reported null result and Blackett (1947) experiment didn’t show any
result for rotating gold cylinder, however the accuracy of the devices was
adequate. But here we refer to a reality that each body, whether terrestrial
or cosmic is divided to the two parts:

a) Electrically neutral part included to the excess electrons.

b) Number neutral or normal part included to the equal number of the
electrons and protons.

Fundamental charge asymmetry is reason that each normal spinning
body does generate a magnetic field. For a spherical spinning normal body
by assuming a charge density p., from definition of the magnetic field at
poles and surface we have:
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R
rk 1 4
B = 32 ngo/per dr. (13)

So that k is electric constant and c is light speed and w is angular velocity
and R is radius and r is distance from the center.
By Eq. (8), the charge density is transferred to the mass density as:

Pe = ,0\/%- (14)

Substituting this equation in the Eq. (13) results a magnetic field at poles
of a spherical normal rotating body that:

R
8T o W 4

Then mathematically on the definition of angular momentum L and the
moment of inertia I we obtain by Eq. (13) that:

2
BR? = 32 V3GE wi, (16)
BR3 = % V3Gk L . (17)

By relation of the magnetic field B to the magnetic moment p that
4t BR? = 2u9p we obtain by Eq. (17) that:

e
P BVE

This is similar to the Patrick Blackett formula, both in shape and size.

This equation for magnetic moment of rotating normal body is adequate
to show magnetic moment in a precise experiment similar to the Blackett
experiments which it was adequate to show a magnetic field larger than
10718 T.

But the measurements were not success to show magnetic field for ex-
ample null result reported by Blackett (1952) and too reported null result
by Wilson (1923). But here in this paper we see that there is a big error in

(18)
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the measurements about the using rotating bodies. The bodies have been
electrically neutral and electrically neutral body in their theories of Gravi-
tational magnetism should result magnetic field whereas that gravitational
magnetism doesn’t work right suppose magnetic field is ultimately possible
to be generated by electric charge torques and the electric charge asymme-
try reasons the magnetic field from rotation of normal bodies included to
equal number of electrons and protons.

Simple bodies in the Earth surface are all electrically neutralized by ex-
cess electrons and they are not normal and then using these bodies in the
experiments to detect magnetic field by their spinning will not generate
magnetic field.

Initially it needs to exclude the excess electrons and this rejection or
shielding requires some especial techniques and possibly the scientists in
the future will discover several ways. But referring to the Nipher experi-
ments is showing that applying AC voltage in the same manner the Nipher
used, is suitable for excess electrons excluding. Rotating disk should be
under a suitable level of AC voltage and such a rotating disk can show a
magnetic field in the experiments when excited excess electrons are shielded.
Strongly by such a rotating metallic disk in Nipher type experiments, we
will observe a value of magnetic field as a verification for charge fundamen-
tal asymmetry.

Similar measurement has been applied before by Eugene Podkletnov
(Podkletnov and Nieminen, 1992; Podkletnov and Vuorinen, 1996; Podklet-
nov, 1997). Eugene Podkletnov did use a super conducting rotating disk
under high frequency AC voltage and it was visited a few percent loss of the
weight for a body hanging above the disk. Podkletnov effect is now a mys-
tery in the science. But we see here a similarity between Nipher outstanding
sphere which was under AC voltage and Podkletnov rotating superconduct-
ing disk under AC voltage.

As it is visible in the Nipher experiments, the metallic sphere under the
AC voltage is reason to induct electromagnetic effect to an electrically neu-
tral metallic body inside the Faraday cage which it causes to transfer it to
the side of a normal body. Such an electromagnetic induction is being ob-
served between conductive cores of the planets when they are under Sun’s
magnetic field variation (Lutephy, 2018) reasoning external driven planetary
origin of the geomagnetic jerks and LOD variations and relevant gravity
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anomalies. Here in the Podkletnov effect we see that he has used from
a superconducting rotating disk, inducting electromagnetically on the test
mass above the disk, reasoning to transfer it to the side of a normal body
including a percentage of non-polarizable inertial electric charge. Then it
has been generated an electric inertial force between the Earth’s outer core
inertial charge and test mass used by Eugene Podkletnov, above the ro-
tating superconducting disk which the total effect is reduced highly by the
Earth’s mantle. Of course it should be noted that dielectric effect of the
Earth’s mantle is working to decrease electro anti gravitational effect of the
Earth’s interior inertial electric charge.

The electric force between the Earth outer core and Podkletnov experi-
ment test mass is possible to calculate purely by electric charge asymmetry.
If we assume an ideal shape of the Podkletnov test mass as the perfect
normal body and we render from dielectric effect of the mantle, then from
the Eq. (9) we have an acceleration between the Earth’s outer core and
Podkletnov ideal test mass generated by Coulomb force that:

3G o [3G
Mouter—COT@ \/;mdzsk\/? — —98 (m/s2) ‘ (19)

(N Rearth ) 2 Mdisk

a =

And this equation results an electro antigravity on the test mass exactly
inverse of gravity as a complete buoyancy.

But we need to notice that the Earth’s mantle is a very big dielectric
which it causes to decrease highly the effect of the Earth’s antigravity in
the near Earth’s surface on the normal bodies and also it is not clear how
much Podkletnov measurement has been success to exclude excess electrons
from the test mass transferring them to unlinked level. In fact, the equation
(19) is showing that if the excess electrons to be completely excluded then in
the absence of the earth big mantle dielectric we can prevail to the gravity
and it seems this is what we observe in some versions of the flying saucers
and we see that the ultimate power of the Podkletnov machine is perfect
buoyancy of bodies at Earth surface.

Then in the Nipher type experiments if we use a method to measure
the pendulums weight, when we apply AC voltage, it should be visited the
loss of pendulums weight as a prediction of the electric charge asymmetry.
However, the Earth’s mantle decreases the effect highly, but when we have
observed a weight loss in the Podkletnov experiment we should see it in this
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assumed experiment too.

Nipher did not use any weight measurement and then for such a predic-
tion in Cavendish type measurements it needs to repeat the measurement
carefully again included to the weight measurements similar to measure-
ments by electrically charged torsion pendulums used by Erwin Saxl (Sazl,
1964).

In reality the measurement of this buoyancy at the Earth surface is hard
because of the Earth’s mantle dielectric effect and it needs some measure-
ments in high latitudes and in reality for direct effect of the Sun and planets
on the test masses in the Earth surface because of the earth inertial system
we need to exist from the Earth inertial boundary otherwise we will detect
null result exactly similar to the null result of the Michelson-Morely exper-
iments (Michelson and Morely, 1887). This subject is itself a different issue
on specification of the Geodynamo we can continue it in the book “MOED”
(Lutephy, 2016) which we have resolved logically the puzzles of the flat earth
theory.

We can use from pendulums to measure the electro anti-gravitational ef-
fect of the Moon and Sun and planets on the Earth which can generate drag
forces on these pendulums because of differential effect of the anti-gravity
as a kind of tidal force. Then drag forces generate relevant precessions
and variations in oscillation of the pendulums. Such a variation by elec-
tro anti-gravity in the pendulums precessions and periods is appeared in
the eclipse times or syzygy effects where we have noticeable changes in the
Earth electromagnetic features detected initially by Maurice Allais (Allais,
1959a, 1959b) as noted by Maurice Allais that:

“The observed effects are only seen when the pendulum is moving. They
are not connected with the intensity of weight (gravimetry), but with the
variation of weight in the space swept by the pendulum. Actually, while the
movement of the plane of oscillation of the pendulum is inexplicable by the
theory of gravitation, the deviations from the vertical are explained perfectly
by that theory. The deviations from the vertical ... correspond to a static
phenomenon, while m experiments correspond to a dynamic phenomenon.”

Other scientists have tried in this way and yet the pendulum measure-
ments are being continued. For example, Romanian physicists Jeverdan et
al. (1961, 1981) did observe the Allais effect and the so-called Jeverdan-
Rusu-Antonescu effect or Jeverdan effect as the change of oscillation period
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of a pendulum during an eclipse. Also a result during the annular solar
eclipse of September 22, 2006 has been presented by a Romanian team,
with a quantization of the behavior of the paraconical pendulum (Popescu
and Olenici, 2007).

Various other experiments using atomic clocks and gravimeters instead
the pendulums also recorded significant anomalous gravitational effects
(Zhou et al., 1995; Mishra et al., 1997; Wang et al., 2000). But gravimeters
never detected any report comparable in size with the pendulums mysteri-
ous effect as a paradox about the incompatibility between the pendulums
and gravimeters measurements. The direction of the pendulums effects is
aligned with gravitational tidal forces but amplitudes are not in agreement
with gravitational theories. But electro antigravity is not in proportion
with total mass of the Sun and planets and Moon versus the gravity theo-
ries suppose dependent on the normal part of these celestial bodies and also
dependent to the electrical screening effects. These effects of the Moon and
Sun have been reported by Maurice Allais (Allais, 1999) as monthly and
seasonal changes in the precession of the pendulums. Sun and Moon have
electro anti-gravitational force on the Earth and then it will be appeared
tidal effects on the pendulums and the tidal forces as the drag forces based
on the Pippard precession (Pippard, 1988) generate such a phenomenon so
that referring to the Pippard solution (Pippard, 1988) for spherically oscil-
lating pendulum on the perturbations it is deduced that:

2‘2; cos(2 (0 — %)) (20)
So that X is direction of the force on the azimuth plane and 6 is direction of
major axis A with angular velocity w and a,, is component of acceleration
on azimuth plane.

This equation results in each moment a precession for pendulums in re-
lation with direction of the oscillation plane and direction of the drag force.
By Pippard solution we observe that discrete forces occurring about the
periods larger than a half of oscillation of the pendulums will generate an-
gular velocity, no requirement to continuum force. Then discrete variations
in the Normalization of the Earth by electromagnetic influences will cause
to appear continuum precessions whereas that gravimeters are showing the
effects just with continuum forces. Then we understand here what is differ-
ence between gravimeters and pendulums for showing mysterious effect of

Q, =
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the pendulums.

Even the solar wind mystery is strongly on this procedure and electric
charge asymmetry will result directly the solar wind and even the solar wind
acceleration. Parker (1958) theorized that since gravity weakens as distance
from the Sun increases, the outer coronal atmosphere escapes supersonically
into interstellar space. But it is clear that early models of the solar wind
relied primarily on thermal energy to accelerate the material, alone cannot
account for the high speed of solar wind. An additional unknown accel-
eration mechanism is required. In the late 1990s the Ultraviolet Coronal
Spectrometer (UVCS) instrument on board the SOHO spacecraft observed
the acceleration region of the fast solar wind emanating from the poles of the
Sun and found that the wind accelerates much faster than can be accounted
for by thermodynamic expansion alone. Parker’s model predicted that the
wind should make the transition to supersonic flow at an altitude of about
4 solar radii from the photosphere (surface); but the transition (or “sonic
point”) now appears to be much lower, perhaps only 1 solar radius above
the photosphere, suggesting that some additional mechanism accelerates the
solar wind away from the Sun. Then the acceleration of the solar wind is
still not understood and cannot be fully explained by Parker’s theory.

AC voltage application is not alone way to exclude excess electrons from
links with protons suppose the heat is too a next way. The heat is reason to
increase the entropy in the matter and cut the electron-proton links. Then
after passing from a transition point and the bound of entropy, the excess
electrons will be separated from atomic level links because that in high
temperature, the atomic links tends to be in number equilibrium resulting
equality of the electrons and protons numbers as a critical point to appear
observable high temperature plasma’s electrical features.

Then Plasma is in reality a normal matter included to the equal num-
ber of the electrons and protons and how much the temperature is higher,
the number equality of the electrons with protons is nearer to perfect and
expanding of the universe by electric charge asymmetry is itself a reason
for the reality that our universe is mainly a plasma and expansion of the
universe is appeared by plasma-plasma antigravity almost three times as
great as the gravity.

When we consider the Sun as a hot plasma below the convection zone
then it should be an electric acceleration from the Sun to each normal
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plasma out of the Sun where the unlinked excess electrons are shielded by
electric double layer of the Sun surface. Clearly the shielding effect of the
Sun’s surface double layer is in the scale of the solar system and the Sun’s
electric double layer is reason to appear antigravity between the Sun and a
normal plasma in the inertia system of the solar system. We should notice
that the Sun’s surface double layer is working at the solar system scale to
shield unlinked excess electrons and then the electric force between the Sun
and a next star in the inner of the Milky way galaxy is pure gravity.

The Sun’s core and radiation zone are almost 98% of Sun’s mass and
then ever exist a repulsive electric force by the Sun on the normal plasma
out of the Sun surface. From Nipher experiments and calculation of Hubble
law by electro antigravity it was resulted that the repulsive force of number
neutral body is almost 3 times as great as the pure gravity and then addi-
tional force of gravity and antigravity results an acceleration on a normal
test body equal to:

ap = —2——— . (21)

Now we can calculate the speed of plasma by Sun force ranging from Sun’s
surface (radius R) to a distance r so that:

v? = 2/ aydr. (22)
R

And by substituting Eq. (21) in the Eq. (22) we can calculate the speed of
solar wind as (Fig. 4):

9 1 1
v = —4GM <E — ;) . (23)

This is remembering the Parker diagrams of the solar wind speed (Parker,
1965, 2001) and the Sun’s magnetic field is reason to appear spiral motion
of the solar wind at the solar system. It is so excellent that the same force
which generating the universe expansion is generating exactly solar wind at
the same amplitude and this is a very strong confirmation for fundamental
charge asymmetry.

This phenomenon may be used to build the plasma flying saucers or gen-
erally normal body flying saucers because we can use some devices included
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equation (23)

solar wind speed (100km/s)

0 1 2 3 4 5 6 7 8 °
distance from sun center (r/R)

Fig. 4. Speed of plasma in the absence of the Sun’s atmospheric dielectric.

to the normal body under the Sun electro anti-gravity similar to the solar
wind. Then we will have very rapid interplanetary plasma flying saucers.
Continuation of this especial issue will connect to the capacitors mysteries
effect and also quantization and boundary dependency of the forces which
we can continue it in the book “MOED”: Modification of electro dynam-
ics with Mach inertia principle and electro anti-gravity (Lutephy, 2016).
There are important questions we have answered there for that if we want
to continue here, the paper will inter to some new sections out of our target
here. Of course there are other phenomena which we have not explained
them here for example Sun flairs and Sun spots and coronal mass rejection
(CMR) which for shortening the paper we have explained them in the book
“MOED”: Modification of electro dynamics with Mach inertia principle and
electro anti-gravity.

Of course we should notice that the completeness of the normal body
(Ne = Np) is dependent to the temperature of the plasma means how much
the temperature to be rather, the plasma is nearer to a perfect equality for
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number of the electrons and protons. Also at the coronal radii, the repulsive
force on the plasma becomes rapidly decreased reasoned by the Sun’s atmo-
spheric dielectric and this is resulting the corona as an equilibrium between
the gravity and antigravity at the corona.

Too the solar wind is observed to exist in two states, termed the slow
solar wind and the fast solar wind, though their differences extend well be-
yond their speeds. In near-Earth space, the slow solar wind is observed to
have a velocity of 300-500km/s, a temperature of 1.4-1.6 x 10°K and a
composition that is a close match to the corona. By contrast, the fast solar
wind has a typical velocity of 750km/s, a temperature of 8 x 10° K and
it nearly matches the composition of the Sun’s photosphere (Geiss, 1995).
As we see here, the high temperature solar wind is for slow solar wind in
contrast with some theoretical alternatives for corona mystery.

On the other hand, the Sun has an atmosphere extended between surface
and a radii r; in the top of the chromosphere mainly included to the plasma
and then we have atmospheric dielectric effect generated by Sun’s atmo-
sphere. Of course we should notice that the atmosphere of the Sun can’t
be a dielectric for Sun’s inertial electric charge in usual case. But the Sun
inertial electric charge is very big at surface position on the plasma (Earth
mantle too is a dielectric for inertial charge because of its very width and
dense structure). Such a very big amplitude of the electric force is enable to
create a noticeable polarization at the Sun atmosphere and then resulting
dielectric effect on the Sun’s inertial electric force. Then atmosphere of the
Sun causes to decrease the Sun total inertial charge to a value as effective
inertial charge of the Sun. It is clear that the width of the atmosphere is
reason to increase the dielectric effect (Kamrin and Koval, 2012) and then
the Sun effective inertial charge is decreased by distance from the Sun sur-
face until the radii ¢, above the Sun atmosphere.

In this radii 74, the atmospheric dielectric effect arrives to its maximum
size and there is a chirality in this radii for effective inertial electric charge
of the Sun so that by increase of the distance above this chirality radii,
the effective inertial electric charge begins to increase again asymptotically
arriving to the Sun total inertial charge. Then we have a chirality radii r;
above the Sun atmosphere with minimum of Sun’s effective inertial charge
qfl there, because of maximum dielectric effect in this radii. Then above
the chirality radii r; we have suddenly increase of the Sun effective electric
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charge asymptotically and below this transition radius we have exponen-
tially increase of the Sun effective electric charge to a size equal to the
Sun’s total inertial charge at the Sun’s surface. Then it is resulted that the
asymptotic inertial electric charge of the Sun is equal with inertial electric
charge below the atmosphere on the Sun’s surface so that:

& k
Qsur = Qasy - (24)
We need a function for effective charge of the Sun that:

1. Sun inertial electric charge on the surface to be equal with Sun total
inertial charge.

2. Sun asymptotic inertial electric charge to be equal with Sun total inertial
charge.

3. The Sun effective inertial charge to be minimum qf‘ at the chirality radii
Tt.

4. Exponentially increase of the inertial charge below the chirality radii
until surface.

5. Rapid increase of the Sun’s inertial charge above chirality radii asymp-
totically.

What we should know here it is the variation of the electric permittivity
by distance from the Sun surface which it causes to vary the Sun effective
inertial charge by distance.

At the atmosphere of the Sun we have a plasma dielectric feature enable
to decrease highly the Sun’s inertial electric force similar to the simple
electric screening effect and also for plasma dielectric generated from a fluid
medium we can use from the solution of Poisson equation (Kamrin and
Koval, 2012) in the fluid that it results an exponential function as screened
Poisson equation that:

_ q —kor
Pl = e, (25)
so that ¢ here is electric potential energy of the number charge in a large
scale sphere and kg is assumed constant for cosmic plasma and in reality
this function is the same Yukawa potential in the strong nuclear force.

A simple analysis shows that all functions with mentioned characters
above, are near to the diagram generated by below function that:
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& ¢, Y & 2 ri
Qsun = Gt T ﬁ (qsur — 4 ) arctan (1 o Tn) ’ (26)
It is manifest that ¢ is minimum inertial electric charge of the Sun at
chirality radii because that the minimum inertial electric charge is occurred
at this equation where the function arc tan is zero and clearly asymptotic
inertial electric charge is equal to the Sun total inertial electric charge.

In the Eq. (26), the Sun’s surface inertial charge should be equal to
asymptotic inertial electric charge and the Eq. (26) is in agreement with
exponential increase, below the chirality radii until to the radius R and too
in agreement with rapid increase of the inertial electric charge above the
chirality radii.

Geometrically the Eq. (26) is good approximate formula to show the
Sun’s effective inertial charge, above the Sun surface limited to the solar
system and best fitting is showing that assumed power n in Eq. (26) is
suitable to be considered at n = 8. Observationally it is good approximation
to consider Sun’s chirality radii r; in proportion to the Sun’s radii R as:

re/R =1.08. (27)

Substituting Eqs. (24) and (27) in the Eq. (26) and n = 8 and using the
Sun’s total inertial charge we result that

Gour = 592" (28)

Then the Eq. (26) in unit (g4, ) is

1
qfim = 1+ 8arctan® (1 — 8) . (29)
r
And this Eq. (29) geometrically in units (r¢, ¢;) is showing at Fig. 5.
By Eq. (8) we result for additional acceleration from the Sun on the
plasma that:

&
g, = EM G s (30)
7’2 7-2

Mixing the atmosphere dielectric effect at Eq. (29) with this simple formula
implies an approximately suitable function for Sun’s force on the plasma
acceleration that:
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equation (29): blue curve & sun total inertial charge: red line

w IS «

sun effective inertial charge (a/q,)

0.9 1 11 1.2 13 14 15 16 17 18 19 2
distance from sun center (r/r,)

Fig. 5. Function of Sun effective inertial charge versus distance. The red line is the
Sun’s inertial charge in the absence of the dielectric effect of the Sun’s atmosphere (R =
0.9277+).

ar = (Cjn—tzM> <%>2 E — 4 arctan? (1 - (%)j] . (31)

This function is visible at Fig. 6.

Then we see that how much the beginning point of the solar wind is nearer
to the Sun’s surface, the speed of the solar wind will be asymptotically
greater, as a strong verification for acceleration of the plasma by Sun’s
electric force. When the plasma is speeding from the coronal shell it is
manifest that acceleration of the plasma is lower and proportionally the
asymptotic speed is lesser. Then it should be appeared two level of the
solar winds here so that one at the photosphere below the corona and next
the plasma accelerating from the outer regions of the corona. Reason of
this separation is that at coronal layer, the equilibrium between gravity and
antigravity is zero and then the Sun has no electric force on the plasma at
the corona center and this effect divides the solar wind to the fast and slow
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equation (31)

acceleration of the plasma (a/22.5in SI')

1 12 14 16 18 2 22 2.4 26 2.8 3 32 34 3.6 3.8 4
distance from sun center (r/r,)

Fig. 6. Diagram of the Sun effective acceleration on the plasma in unit r; and acceleration
unit 22.5 m/s?.

levels completely compatible with the observations and records for solar
wind.

On the other hand, for acceleration by Sun’s inertial electric force on a
normal plasma we have:

Hre <7 <1y
ar =4 0|r. . (32)
—lr(—a(ry)) <r <re
So that r. is corona radius. Then plasma is pressed in a shell between
maximum gravity and a radius with inverse size at antigravity which in the
middle of this shell, the acceleration is zero as equilibrium point between
gravity and antigravity.

We should notice that gravity is almost maximum at the chirality radius
ry because that at this radius we have minimum effective inertial charge.
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Observations and mathematical calculations are showing that it is good
approximation d = R/10 so that d is width of the assumed corona shell and
for hydrostatic equilibrium it needs the pressure of the force on the shell to
be equal with pressure of the coronal plasma inside the shell. According to
the state equation p = pkT'/u we have:
ma(ry) mkT

— . 33
4712 drr2 |r(—a(ry)) — el p (33)

So that 7 is average mass of the corona shell affected in each moment
by force in assumed shell between maximum gravity and inverse antigravity
and m is total mass inside the shell and then:

nm
= ET  fr(—ara) — il aren) (34

In agreement with equation of the state we have k£ = 8300 and p = 1.5. In
the maximum effect, the average size of the mass affected in each moment
by force is equal with total mass and then:

T=2x10K. (35)

And this is in agreement with observations as high temperature of the Sun’s
corona as a very strong verification for the reality that the corona is where
the gravity and antigravity are in equilibrium in amplitudes and as a very
clear verification, again for fundamental charge asymmetry (Fig. 7).

N ‘g

"4 ~

Fig. 7. Corona as equilibrium between gravity and antigravity.
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Referring to the Parker diagrams of the solar wind shows a maximum
amplitude of the asymptotic speed at 1000 m/s for solar wind at very high
temperature whereas the calculation by electric charge asymmetry on the
base of the Nipher experiments and modified in size by expanding universe is
showing a maximum amplitude at 800 m/s calculated by Eq. (23). Then the
calculated electric charge asymmetry by Hubble constant is showing that
the normal matter in the universe is not perfect suppose universe matter
should be 66% of a complete high temperature plasma. Then by electrically
neutralization of the normal matter of the universe along the time and then
decrease of the normal matter of the universe, ultimately the expansion of
the universe will end and it will be started the contraction of the universe
when the antigravity is diminished. Contraction of the universe will gener-
ate very condensed high temperature universe in a very small volume. Then
the normalization of the matter will be increased again reasonable to start
again the expansion of the universe consequently. This section is discussed
in detail at the book “MOED” (Lutephy, 2016) and such a periodical ac-
celeration of the universe is resolving too the paradox of the singularity in
early universe.

The plasma tail of the comets is too under the effect of the Sun’s electric
force and then the comets plasma tail is directed to out radially. Bier-
mann postulated that comets tail out ward direction happens because the
Sun emits a steady of particles that pushes the comet’s tail away (Biermann,
1951). Of course it seems that Paul Ahnert was the first to relate solar wind
to comets tail direction based on the observations of the comet Whipple-
Fedke. By the way, these theories are weak in comparison with the reality
of electric repulsive force from the Sun on the plasma tail of the comets and
reason is that the contact of the solar wind to comet’s tails will ride away
all material tails whereas here just the plasma tail is directed away.

Ultimately with return to the magnetic field of spinning bodies, the used
body should be normal until to result inertial magnetic field and in the ter-
restrial planets, naturally we have a normal rotating shell as the outer core
and this shell will generate inertial magnetic field manifestly.

For a neutron star which it be completely normal, calculations by Eq. (15)
we obtain at the poles that:

2
B:?O%. (36)
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So that R is radius of neutron star and 7' is its period. This is completely
in agreement with observations of the magnetic fields for magnetars which
is a type of neutron star believed to have extremely powerful magnetic field
(1010 — 1011 7).

This is showing that the magnetars are completely normal neutron stars
and short age of the magnetars verifies this reality for that a completely
normal matter will be neutralized electrically rapidly and manifestly differ-
ent percentages of the normalization in the neutron stars will generate wide
range of the magnetic field for neutron stars completely in agreement with
observations of the magnetic fields for neutron stars as visible above that
the binary neutron star PSR1913+16 is just 2% that of a complete normal
body.

But the planets magnetic fields are relevant to their conductive outer
cores in terrestrial planets and the conductive cores of the Jovian planets,
whether theoretical metallic hydrogen or probable metallic inner regions
verified in the paper (Lutephy, 2018) reasonable for strong interplanetary
electromagnetic inductions generating relevant geomagnetic jerks and LOD
variations and gravity anomalies in the Earth position.

Inner cores of the planets are electrically neutral, reasoning to keep ever
the outer cores as a normal shell. But inner core is tiny in comparison with
outer core for all planets except probably at Mars and then as a good approx-
imate formula for magnetic field of the terrestrial planets we can integrate
over whole of the core whereas that inner core doesn’t generate magnetic
field. Then from Eq. (15) for magnetic field of the terrestrial planets we
have:

B= %\/3% % / pridr . (37)
outer—core

From planets magnetic field observed amplitudes embedding to Eq. (37)
we obtain the radius of the electrically conductive core of these planets as
the answers visible at the Fig. 8.

We observe that the percentage of the outer core radiuses of the giant
planets per their radiuses is equal for all giant planets as a very strong
confirmation for stationary magnetic field of spinning conductive regions
in the interior of the planets and the calculated radiuses for CMB at the
terrestrial planets is completely in agreement with observations. Then all
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Fig. 8. Diagram of radius of conductive core of the planets per planets radius in %
calculated by Eq. (37).

planets except Mars are in agreement with Eq. (37). As it was stated
above, the Mars outer core may be transferred highly to the inner core. It
is impossible that the radius of the outer core to be small because that the
Mars has had a noticeable paleomagnetic field.

For Sun like stars means yellow dwarfs it was resulted above that outer
convection zone is normal. Then for inertial magnetic field with assuming
total convection zone as a normal shell we obtain that:

B= ;7; V3Gk — 5 / pridr. (38)
convection

According to Dalsgaard density profile of the Sun (Christensen-Dalsgaard et

al., 1996), approximately we have:

1-r/R
p=10(5x10%) M <095R. (39)

This density profile is deviated about the surface, but it is a good approxi-
mation and by embedding Eq. (39) into Eq. (38) we obtain the Sun’s inertial
magnetic field if total convection zone was normal from below formula:

_ 8mkw 3G NL-T/R]
_ c2R3’/ / 10 10) }rdr. (40)

So that R, is bottom radii of conductive zone and by this equation we
obtain an answer for Sun’s magnetic field near to the observations for Sun’s
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magnetic field. But Sun’s magnetic features especially its dipole reversal is
showing that the self-consistent dynamo is working there and this reversal
is not an historical report suppose it is doing cyclical in each eleven years
presently. Then strongly dynamo is prevailing mechanism in the generation
of the Sun’s magnetic field and this is a real paradox here because that both
of the mechanisms are in agreement whereas that it seems the dynamo is
the main effect on the Sun’s magnetic field.

We should notice that the convection zone is divided to the two shells
which inner convection zone is electrically neutral low temperature plasma,
not producing the magnetic field. Then stationary magnetic field will be
generated just by rotation of the outer convection zone and this is a confir-
mation why in the Sun, the stationary magnetic field is weaker than that
of what we measure it for total convection zone by Eq. (40) responsible to
resolve the paradox.

On the other hand, we have used from Dalsgaard model (Christensen-
Dalsgaard et al., 1996)) to calculate stationary magnetic field of the Sun
generated by rotating convection zone as a spinning normal body and Dals-
gaard model is based all on the pure gravity whereas that outer convection
zone is being antigravity two times as great as the gravity, yet not electri-
cally neutralized by excess electrons. Then clearly we need to revise the
Sun’s density profile and rewriting the density dependent equations with
assuming that the outer convection zone is antigravity as a reason to de-
crease the density of the matter in the convection zone means the density in
the outer convection zone is ever lesser than what calculated by Dalsgaard
model. Then real size of the density profile will result lesser amplitude for
stationary magnetic field generated by outer convection zone for Sun. This
is a next reason for reality that the magnetic field source of the Sun should
be mainly self-consistent dynamo.

Of course we should notice that by increase of the temperature, the elec-
tric conductivity will decrease and decrease of electric conductivity is reason
to appear condition for gradual electronic flows in the convection zone by
self-consistent dynamo. Then the reversal mechanism probably has been
doing in the terrestrial planets when the outer core has been hotter and
then self-consistent dynamo in the planets have been reduced before and
prevailing mechanism is now rotation of the normal interior regions of the
planets. But about the Sun, we see a current reversal and then strongly the
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self-consistent dynamo is prevailing mechanism in the Sun in proportion to
the normal body spinning magnetic field. In reality ever there are a com-
plementary mechanism of the self-consistent dynamo and spinning normal
body, aligned each other to generate celestial bodies magnetic field. Some-
times dynamo is prevailing and some times normal body spinning.

Referring to the above results and in detail to the book “MOED” (Lutephy,
2016), the universe expansion rate is dependent on the universal distribution
of the number charges (universal electric potential energy) and percentage
of the universe normal matter (equal number of electrons and protons) and
also the density of universe and ultimately it is deduced that the universe
expansion is not accelerating. The discovery of accelerating expansion led
to the widespread acceptance of the idea that our Universe is dominated
by a mysterious force called dark energy. But now physicists are question-
ing the conclusion, and they have a much larger dataset to back them up.
Now, a team of scientists led by Professor Subir Sarkar of Oxford Univer-
sity’s Department of Physics has cast doubt on this standard cosmological
concept. Making use of a vastly increased data set — a catalogue of 740
Type Ia supernovae, more than ten times the original sample size — the re-
searchers have found that the evidence for acceleration may be flimsier than
previously thought, with the data being consistent with a constant rate of
expansion. The study is published in the Nature Journal Scientific Reports
by J. T. Nielsen, A. Guffanti and S. Sarkar (Nielsen et al., 2016).

In the book “MOED” (Lutephy, 2016) we have a pure argument for
electric charge asymmetry at the Earth position correlated to the univer-
sal electric potential energy obtained by largest material concentration in
the universe for Earth which it is local supercluster “the Laniakea” discov-
ered newly. The Laniakea Supercluster is the galaxy supercluster that is
home to the Milky Way and approximately 100,000 other nearby galaxies.
it was defined in September 2014, when a group of astronomers including
R. Brent Tully of the University of Hawaii, Hélene Courtois of the Univer-
sity of Lyon, Yehuda Hoffman of the Hebrew University of Jerusalem, and
Daniel Pomarede of CEA Université Paris-Saclay published a new way of
defining superclusters according to the relative velocities of galaxies. The
Laniakea Supercluster is largest concentrated local structure at the observ-
able universe so that such a concentrated matter can generate noticeable
scalar electric potential to generate electric charge asymmetry at the Earth
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position emerged by the electric binding energy of the quarks at the proton
(Lutephy, 2016) arriving to the below formula that:

JM, /R
¢, = e _~25x1077C. (41)
VvV 2]\4Lanial~cea

So that M), is the proton mass and R, is the proton radius and e is funda-
mental electric charge.

In reality the electric charge asymmetry is not at the same value every-
where in the cosmos suppose it may be different in different positions and
also the electric charge asymmetry is not ever constant in time suppose at
different times maybe different in size, reasonable for inflation theory (Guth,
1997) discussed in detail at the book “MOED” (Lutephy, 2016).

Inflation is a theory of exponential expansion of the space in early uni-

verse. Inflation was a hypothetical very brief episode of highly accelerated
expansion enable to explain some features of the universe as noted by Alan
Guth himself that:
“I will begin by giving a quick rundown of how inflation works. .. The key
idea — the underlying physics — that makes inflation possible is the fact that
most modern particle theories predict that there should exist a state of mat-
ter that turns gravity on its head, creating a gravitational repulsion. This
state can only be reached at energies well beyond those that we can probe
experimentally, but the theoretical arguments for the existence of the state
are rather persuasive. It is not merely the prediction of some specific theory,
but it is the genmeric prediction for a wide class of plausible theories. Thus,
gravity does not always have to be attractive. The gravitational repulsion
caused by this peculiar kind of material is the secret behind inflation. In-
flation is the proposition that the early universe contained at least a small
patch that was filled with this peculiar repulsive-gravity material. There are
a variety of theories about how this might have happened, based on ideas
ranging from chaotic initial conditions to the creation of the universe as a
quantum tunneling event. .. Once the patch exists it starts to rapidly expand
because of its internal gravitational repulsion.”

And in relation with Alan Guth inflation theory (Guth, 1997) we see here
that the matter is possible to be transferred between the gravity and anti-
gravity in different conditions appropriate for inflation theory. Manifestly
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early universe has been different highly and then the charge asymmetry in
early universe has been very different in size and in reality we obtain that
the charge asymmetry is much bigger in early universe in agreement with
inflation theory.

4. Conclusion

Experimental results in laboratories and phenomenological results in the
solar system and the cosmos, are showing the evidences of the fundamen-
tal electric charge asymmetry as the origin of a section of the planets and
stars magnetic field accompanied with self-consistent dynamo. Also we see
that the electric charge asymmetry as a difference between electron and
proton electric charges is responsible for many number of the planetary and
cosmological big unsolved puzzles. For example, Cosmic microwave back-
ground anisotropy and expanding universe and accelerating expansion of the
universe and solar wind and solar wind acceleration and Sun’s corona and
missing neutrinos and inflation theory and singularity paradox and comets
plasma tail direction and pendulums mysterious precessions. Too we have
suitable interpretations for some mysterious experimental results for exam-
ple Nipher experiments electro antigravity and Eugene Podkletnov super-
conducting disk antigravity and also we have proposed some experiments to
do in the laboratories.
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