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ABSTRACT

The role of orographic factors in modifying atmospheric dynamics on the
background of an impending earthquake (EQ) that might lead to propa-
gation of a signal beyond the Line Of Sight (LOS) is examined in the
paper. The analysis is based on the data of anomalous reception of VHF
FM-signal at Gauhati University (GU, 26.15 °N, 91.66 °E), a station lo-
cated in the sub Himalayan terrain. The signal reception records show
that their anomalous appearance are associated closely with earthquake
events of M >5.0, a phenomenon identified as EQ precursor. To identify
sources of such reception, the paper presents some analytical approaches
involving the terrain factors, impending EQ and atmospheric variabilities.
Finally, the contribution of location/topography of the transmitter, re-
ceiver and epicenter in modifying the EQ induced atmospheric factors, is
brought in to the ambit of analysis for explaining the observed over hori-
zon VHF signal propagation. A special reference is made on the EQ time
drop in temperature, increase in humidity and hence modification in
Radio Refractive Index (RRI) gradient, in favoring such reception. A
model in support of the observation on EQ time lithosphere-atmosphere

coupling relevant to widening of radio horizon limit is also proposed.

1. Introduction

Troposphere, the lowermost atmosphere is the
principal medium of propagation of Very High Fre-
quency (VHF) and microwave signals [Webster and
Lam 1980, Lee 1989, Devi et al. 2007, Hayakawa et al.
2007, Serdega and Ivanovs 2007]. It is well established
that path of such signals is limited by the Earth’s cur-
vature within a zone of nearly 100 km radius (around
the transmitter), known as Line Of Sight (LOS) range
or radio horizon. But, modification of this path length
might occur due to changes in the refractive index (n)
of the atmospheric medium which is generally defined
by Radio Refractive Index (RRI) and its gradient. The
RRI depends in a complex way on the temperature, hu-
midity as well as on pressure [Smith and Weintraub
1953, Glazier and Lamont 1958, Bean and Duttan 1966,

Dolukhanov 1971, Priestley and Hill 1985]. Therefore,
variations in any of these factors may change the RRI
and hence the normal radio horizon limits [Bean and
Riggs 1959, Dolukhanov 1971, Hall and Bradley 1998].
The factors leading to changes in RRI are strong evap-
oration, modification in temperature, development of
advection and frontal motions which are particularly
observed during eruption of volcanoes, prior to occur-
rence of earthquakes (EQ) and also in growth and devel-
opment process of a cyclone [Hayakawa and Molchanov
2002, Falodun and Ajewole 2006, Devi et al. 2010b]. A
number of reports are also available showing that be-
yond the horizon propagation of VHF and microwave
signal is possible prior to an EQ and such anomalous
propagations are associated by many with EQ induced
modifications in lower atmospheric parameters [Web-
ster and Lam 1980, Lee 1989, Fukumoto et al. 2002, Devi
et al. 2007, Hayakawa et al. 2007, Yasuda et al. 2009].
VHEF signal propagation through upper atmosphere
of the ionized layer is also possible though its working is
different from that of tropospheric mode of Trans re-
ception. In the ionospheric mode, transmitted signal is
received at a distant location through total internal re-
flection in the ionized medium. The maximum fre-
quency reflected by the ionosphere has a limit, known as
Maximum Usable Frequency (MUF), the range of which
in normal situation is lower than very high frequencies.
Therefore, except for some special situations, a VHF sig-
nalis not reflected by the ionosphere but escapes into the
space. But ionospheric propagations of signals in the
VHEF range prior to an EQ are also possible as presented
by many workers [Gokhberg et al. 1984, Kushida and
Kushida 2002, Sakai et al. 2003, Takano et al. 2004, Ya-
suda et al. 2009, Moriya et al. 2010, Devi et al. 2012].
All these analyses show that factors effecting the
EQ time modification in signal propagation character
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Figure 1. Structure and deformation of the Tibetan lithosphere.

are complex and even with large number of related ob-
servations, many aspects still need to be addressed.

The objective of this paper is therefore to under-
stand the role of an EQ-time atmospheric dynamics in
a complex topography of sub-Himalayan terrain, lead-
ing to beyond the horizon VHF propagation.

2. Methodology

For achieving the aims, it is necessary to monitor
propagation character of VHF signals from stations be-
yond the normal LOS path distance. In this exercise our
VHEF signal source is an FM radio transmitter and re-
ceiving station is at Gauhati University, Gauhati (GU,
26.15°N, 91.66°E, height above the sea level is 55m).
The FM transmitting station is selected by taking the
following two basic criteria:

i) The distance between transmitting and receiv-
ing stations should be out of the normal LOS radius and

ii) One of the stations either transmitter or re-
ceiver (or both) falls in the seismically active zone.

Under these considerations with the GU as the re-
ceiving centre, the Chukha FM transmitter (frequency
98 MHz) of Bhutan (27.05°N, 89.58°E, height above
the sea is around 2 km) is found to be suitable for this
study. The structure and deformation of the Tibetan
lithosphere as presented in Figure 1, justify the selec-
tion on the location of FM transmitter.

The receiving set up consists of a 12 element steer-
able polarized Yagi antenna designed with centre fre-
quency of 90 MHz and is installed at GU, at a height of
6 m above the ground. The antenna is coupled through
matching unit to FM receiving setup with total system

gain of 20 db .The antenna is though pointed to the
transmitter, it is steered for maximum signal strength
whenever an unexpected reception even if weak was
detected, the channel information logged and signal
strength recorded. The antenna is also switched between
horizontal to vertical modes, for exploring if reception
quality improves. Whenever an EQ event around the
trans-receiving zone is identified, the atmospheric vari-
ables like temperature, humidity, pressure at the ambit
of influence of the epicenter are analyzed in association
with magnitude of the received signal. The ionospheric
parameter like the Total Electron Content (TEC) con-
tinuously recorded at GU and electron content data
available from global monitoring systems are also
adopted as supporting inputs whenever necessary.

3. Analysis and results

3.1. Anomalous signal strength and temperature variation

The magnitude of the received signal (if any) from
the distant transmitter at Chukha is monitored round
the clock at GU and its mean value for each day is calcu-
lated. Figure 2 displays signal magnitude variations for
a period from September 2012 to September 2013. Of
interest is the sudden appearance of two events (we will
mark these as October event of 2012 and January event
of 2013) with significant increase in received signal lev-
els as identified by arrow heads in the figure. The basic
aspects that will be analyzed in explaining such recep-
tion are: (i) signal appearance features, (ii) occurrence
of EQ event (if any) and (iii) atmospheric ambiances
during that time.

We will first examine the January 2013 event, be-
cause of the strong anomalous signal received in this
case compared to that of the October event. For this
purpose, the routine records of signal magnitudes for
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Figure 2. Signal strength (volts) received at GU, from the Chukha
FM transmitter for the period September 2012 to September 2013.
The two events marked by arrow heads show sudden appearance of
relatively strong signals.
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the period from December 2012 to February 2013, cov-
ering anomalous reception event of January 2013, are
displayed in Figure 3. One can note a sudden increase
of signal from January 2 to January 8, 2013, and its dis-
appearance, once its strength had reached the peak on
January 8. Significantly, the signal was received only in
horizontal polarization position of the antenna and no
reception in its vertical counterpart was noted.

To identify what forces were behind this anomalous
reception, the seismic records with special references
to the epicenter positions (within the trans-receiving
zone) are examined. In this regard, the EQ of January
9, 2013, at 25.4°N, 94°E (M = 5.9; depth about 75 km)
i.e., 235 km form GU was identified as a potential
source. Therefore, role of this EQ in modifying atmos-
pheric variabilities like temperature and humidity at the
epicenter and receiving station on the background of
the topography of the relevant zone (presented in Fig-
ure 4) is then explored.

The temperature records near the epicenter for the
EQ of January 9 and at receiving site are analyzed and
maximum temperature (Tmax) of each day for the
month is extracted from the respective profile. However,
temperature being an involved parameter with back-
ground factors, its day to day variation is expected even
in a normal situation. It is therefore essential to deter-
mine normal diurnal maximum excursion levels of
Tmax, before identifying its earthquake-time variations.
This necessity requires temperature data to be processed
and filtered. For this purpose standard deviation (o) of
Tmax in normal day situation is calculated for defining
maximum and minimum possible excursions of Tmax,
which are 6 + Tmax (mean) and 6 — Tmax (mean)
where Tmax (mean) is the mean value of maximum
temperature for the month. Deviation of Tmax from this
excursion limits will be treated as anomalous.
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Figure 3. Signal strength (volts) received at GU, from the Chukha
FM transmitter for the period December 2012 to February 2013.
Note the sudden appearance of the signal from January 2 to Janu-
ary 8. The arrow mark shows the day (January 8) when signal
strength reaches its peak.
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Figure 4. Map showing transmitter (at Bhutan) and receiver (at
Guwabhati) locations (red circle); the epicenter positions are marked
by green circles.
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Figure 5. Day to day variations of the maximum temperature Tmax
from January 1 to January 19, 2013, recorded at the epicenter site for
the January 9, 2013, EQ event. The standard deviation magnitude of
Tmax from the average values is shown by thick blue lines. The day
of attaining a sudden minimum in temperature (January 8, 2013), is
marked by red arrow head while the black arrow shows the EQ day.
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Figure 6. Day to day variations of the maximum temperature (Tmax)
from January 1 to January 19, 2013, recorded at GU. The standard
deviation magnitude of Tmax from the average values is shown by
thick blue lines. The day of attaining a sudden minimum in tem-
perature is marked by red arrow head while the black arrow shows
the EQ day.
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Figure 7. Six years average maximum temperature variation (Tmax)
for January along with that for January 2013, observed over Guwa-
hati. Note the large drop in temperature prior to the January 2013
EQ. The EQ day is marked by an arrow head. The standard devia-
tion magnitude of Tmax from the average values is shown by thick
blue lines.

In Figure 5 day to day variations of Tmax near the
epicenter of the January 9 EQ with 0 = Tmax (mean)
are shown (thick lines). The figure displays a sudden
and brief increase of temperature about six days prior
to the event followed by its gradual decrease reaching a
minimum on January 8, a day before the occurrence of
the EQ.

Correspondingly, a similar variation in Tmax
recorded at the GU site is also observed in January 2013,
as displayed in Figure 6. One can see that after a short
increase in temperature about a week before the EQ), it
starts decreasing to reach a value of around 15°C on
January 8, which is lower by 8°C from the average Tmax
value. The recovery of temperature to the average level
also takes 4-5 days after the EQ (Figure 6). To assess the
confidence level of the pre-EQ time temperature anom-
aly, the day to day variation of Tmax for the month of
January 2013 is plotted in Figure 7 along with the cor-
responding six years (2006-2011) average Tmax value
for the earthquake free month of January. The abnor-
mal decrease in temperature on January 8, 2013, is
unique and significant. It is further noted that along
with changes in the Tmax value, a drastic modification
in the entire diurnal profile of the temperature status
especially on January 8 is noted at GU as shown in Fig-
ure 8a. On this day the normal increase in temperature
after sunrise is suddenly reversed at 1100 hours, 82.5°
EMT, and it continues to decrease reaching an abnor-
mal minimum (Figure 8a) at 1130 hours, 82.5° EMT.
Followed by a slow recovery from this point, the tem-
perature then starts increasing to attain a maximum of
16°C, (at 1345 hours, 82.5° EMT) a value still lower by
40% from the average. The diurnal humidity profile
(Figure 8a) also reflects such anomaly on this day, when
an abrupt increase in its value to 70% from its normal
figure of 60% to 64% is detected during 1100-1200

hours, 82.5° EMT. These unusual variations are
marked within a box in the temperature/humidity plot
of Figure 8a. However, these features are not seen ei-
ther on the preceding (Figure 8b) or the following day
of January 8 (Figure 8c). It is a significant point to note
that on January 8 the strength of over horizon signal
reaches its peak (Figure 3), while relatively weak signal
was received at GU, both on January 7 and 9.

The over horizon signal reception character dur-
ing the October event of 2012, is next presented and an-
alyzed in the light of the January event of 2013. In this
case the signal from Chukha station appears from Sep-
tember 26, attaining maximum on October 1, 2012, and
then fades out as shown in Figure 9. The seismic records
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Figure 8. (a): Unusual temperature and humidity features recorded
at GU during 1100 hours to 1630 hours of January 8, 2013, a day
prior to the January EQ event. The sudden drop in temperature at
1130 hours, 82.5° EMT is to be noted along with the increase in hu-
midity. These anomalous features are marked within a box in the
temperature /humidity plot. (b) and (c): Normal variations in tem-
perature and humidity a day preceding (1100 hours, 82.5° EMT of
January 7 to 1000 hours, 82.5° EMT of January 8) and a day after
(1800 hours, 82.5° EMT of January 8 to 1800 hours, 82.5° EMT of
January 9) the unusual event recorded on January 8.
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reveal occurrence of an earthquake on October 2, 2012,
at 26.9°N and 92.8°E with M = 5.1 and depth = 35 km
(Figure 4, distance 144.7 km from GU), i.e., one day
after the maximum signal strength was received from
Chukha station (Figure 9), a similar feature as of Janu-
ary event of 2013. The day to day variations of Tmax
for the October EQ were next examined at the epicen-
ter site and at GU and corresponding ¢ + Tmax value
was calculated as described earlier. The analysis outputs
obtained from the two sites for the period from 25 Sep-
tember 25, 2012, to October 7, 2012, covering the EQ
day, as presented respectively in Figures 10a and 10b dis-
play a short-time initial increase in temperature prior
to three or four days of the EQ, followed by a decrease
reaching a minimum on the day of the event i.e., on
October 2.

3.2. Association of atmospheric parameters with anom-
alous signal amplitudes received in cases of this study

To examine association between temperature, hu-
midity and beyond the radio horizon signal strength,
the day to day percentage deviations in maximum tem-
perature (8 Tmax) and humidity (8 Hmax) from their
monthly average values are calculated.

Figure 11 displays the result of above association-
analysis for the period from January 1 to 16, 2013,
covering the EQ-day of January 9, 2013. One can see
that with the increase of signal strength by 1000% on
January 8, the humidity shows enhancement by 30%
in synchronization with the decrease of temperature
by 40%.

For the October 2012 EQ too, the variations of the
received signal strength, temperature and humidity
measured at GU show a similar pattern (Figure 12) as of
the January 2013 earthquake case. The synchronization
in time of attaining maximum in signal strength and in
humidity with the time of reaching minimum temper-
ature around the EQ days is significant.

3.3. Possible mode of propagation of over horizon signal

In the two cases presented here, it is seen that the
distance between the transmitter and receiving station
is beyond the LOS range but is less than 300 km and the
signal were received only in horizontal polarization
mode of the antenna. It is also noted from the reported
results of many workers [Sakai et al. 2003, Takano et
al. 2004, Devi et al. 2012] that mode of propagation of
frequencies of wave length A >4-6 m, is generally
through ionospheric F layer or by sporadic E layer, but
for A < 4 m as in the present case, the reflection through
ionosphere is not expected. This aspect can be further
substantiated on computing the maximum possible fre-
quency (f

max

) that can be reflected by the ionosphere in
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Figure 9. Signal strength (volts) received at GU, from the Chukha
FM transmitter for the period September 2012 to October 2012.
Note the sudden appearance of the signal from September 28,
reaching peak on October 1, 2012 (marked by black arrow head).
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Figure 10. Day to day variations of the maximum temperature
(Tmax) from September 25, 2012, to October 07, 2012, recorded at
the (a) epicenter site and (b) at GU, during October 1, EQ event.
The standard deviation magnitude of Tmax from the average values
is shown by thick blue lines. The day of attaining a sudden mini-
mum in temperature is marked by red arrow head while the black
arrow shows the EQ day.

the context of signal transmitted by the Chukha trans-
mitter. For this purpose f___is calculated for different
propagation angles by using Equation (3.1):

= (3.1)

max

\ [{80.8 * 2 X10° (14(2h/a))]} / {sin® B+ (2h/a)}]

where h is the ionospheric height, ‘a’ the radius of the
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Figure 11. Percentage increase in magnitudes of over horizon sig-
nal amplitudes (in volt) observed at GU for the days covering Janu-
ary 9, 2013, EQ event, along with deviations of temperature and
humidity from the average magnitude. Note that with the increase
of signal strength by 1000% on January 8, the humidity shows en-
hancement by 30%, in synchronization with the decrease of tem-
perature by 40%. The red arrow marks the simultaneity between
these events, on January 8.

Earth and B is the propagation angle.

Results show that the maximum possible frequen-
cies incident at a lowest grazing angle of 0.1° that may
propagate by ionospheric reflections at heights of 300
km, 200 km and 100 km are respectively 25 MHz, 32
MHz and 42 MHz, suggesting that 98 MHZ signals
from Chukha station cannot flow to GU through iono-
sphere. But ionospheric reflection from altitudes below
100 km may still be possible especially at the EQ time
anomalous ambiance. This is because of extension of
ionosphere to the lower reaches during an EQ which is
associated with ionization by radon emission [Harission
et al. 2010] and EQ-time thunder generated density
[Pisa et al. 2013]. Devi et al. [2010a] have also suggested
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Figure 12. Percentage increase in magnitudes of over horizon sig-
nal amplitudes (in volt) observed at GU for the days covering the
October 1, 2012, EQ event, along with deviations of temperature,
humidity from the average magnitude. Note that with the increase
of signal strength by 700%, the humidity shows enhancement by
12%, in synchronization with the decrease of temperature by 10%.
The red arrow marks the simultaneity between these events.

induction of ionization at lowest ionospheric altitudes
during an EQ, while computing seismic time TEC pro-
files by adopting IRI model. Therefore, taking the situ-
ation when lower reaches of the ionosphere (with
relatively large ionization density) might move down to
80 km, by the EQ preparatory processes, the maximum
usable frequencies may be increased to 45 MHz - 50
MHz at the lowest grazing propagation angle, but not
beyond.

Considering these aspects along with horizontal
mode of signal reception and EQ-time atmospheric sta-
tus, we conclude that the anomalous propagation of
signal in the present cases is through troposphere but
not by ionospheric scattering or reflection.
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4. Discussion

Over horizon propagation of signal prior to an
earthquake is not a new finding [Kushida and Kushida
1998, Pilipenko et al. 2001, Fukumoto et al. 2002, Devi et
al. 2007, Hayakawa et al. 2007, Devi et al. 2012]. But each
case provides new information relevant to system physics
and dynamics. Anomalous reception of FM radio pro-
gramme is associated by some scientists [Kushida and
Kushida 1998, 2002] with scattering by ionospheric per-
turbations triggered by EQ, whereas beyond the LOS
FM reception is related by others with tropospheric
scattering [Fukamato et al. 2002, Yasuda et al. 2009].

Takano et al. [2004] suggested that 48.25 MHz long
distance TV reception obtained by them from a distance
of 5200 km was due to the reflection from the F-layer
and the 49.75 KHz signal received at 1800 km distance
was from sporadic E-layer. Working with reception of
TV signals, this group of workers [Devi et al. 2007] had
offered a model of complex mode of propagation in
frequency range of 54 MHz - 70 MHz to distances thou-
sand km and beyond, by involving both the EQ time
modification in the ionosphere and troposphere. In the
present cases the troposphere plays the significant role
in propagation of over horizon signal; therefore, a brief
discussion related to possible modification in this layer
by external sources other than the sun and its gamut of
radiation frequencies, is presented now.

It is well known that the LOS tropospheric propa-
gation is controlled by the refractive index n of the
medium that decreases slightly with altitude. There-
fore, a ray travelling through the troposphere is re-
fracted and bends towards the Earth, this curvilinear
path is equivalent to a straight line path over an Earth
surface with a variable radius of curvature depending
on the status of the troposphere. Therefore, a parame-
ter called effective Earth’s radius a, is introduced, and
the ratio of a_ to true Earth radius ‘a’, is given by: k =
ae/ a. In normal atmospheric situations when k = 4/3,
the ray curvature gives the standard field of view of
line of sight propagation links. But with changes of re-
fractive index, the path geometry gets modified and
propagation of signal beyond the normal view of the
trans-receiver link is possible. However, change of n,
being very small, this is designated by a factor N =
(n—1) X 10°, the Radio Refractive Index (RRI) and its
gradient dN/dh with height h. The RRI depends on the
temperature, humidity and pressure in a complex rela-
tion as given by Equation (4.1) and the relation of RRI
gradient with k is expressed by Equation (4.2)

N = (n—1) X 10° = (77.6P)/T + (375000 )/ T2 (4.1)

k=a,/a=1/(1+adN/dh) (4.2)

Any change in RRI/km from the normal-value
will increase or decrease radio link hops. Thus, the
magnitude of dN/dh determines the prevailing atmos-
pheric propagation status. Here P in the Equation (4.1)
denotes atmospheric pressure, T gives dry temperature
while the wet term e is sensitive to humidity i.e.,
changes of air mass with height, so the RRI depends on
height of the transmitting and receiving stations. Fur-
ther, local environments and climatic scenario have sig-
nificant influences on RRI and therefore on the LOS
path length [Bean and Rigg 1959, Sheer 1961, Valma et
al. 2011]. Therefore, status of communication between
two stations needs to be examined with all these fac-
tors in to account, a discussion in this regard is pre-
sented in the following section.

In general, the geometry of the transmitter (Tx)
and receiver station (Rr) dictates the maximum signal
propagation distance possible between the Tx and Rr
and this distance dmax occurs when the direct ray is
tangential to Earth surface.

The Region of direct VHF radio illumination by
Bhutan transmitter (height h = 2000 m) is R, =
3.55%h/2 = 159 km.

Now;, considering the normal tropospheric condi-
tion with k = 4/3, and the transmitter and receiver lo-
cation status, the maximum possible LOS distance
dmax for radio waves between Chukha and GU is
found by Equation (4.3)

dmax = \/Zae h, + \/Zae h, (4.3)

Here a_, corresponds to effective radius of the
Earth for normal time tropospheric RRI conditions and
h,, h, are the heights of the considered transmitter and
receiver antenna from Earth surface respectively.

The calculation shows that dmax lies at 206 km.
Therefore with normal tropospheric curvature with k =
4/3 condition, a signal from the Chukha is not expected
to be received at GU situated at around 245 km dis-
tance. The value of k or of a_, required for generating
a favorable tropospheric condition for a radio signal to
cover the distance between Chukha and GU, is pre-
sented in Table 1. It is seen that for attaining the re-
quired tropospheric status, the value of, a_ needs to be
increased by 1.5 times or by 18% from the normal day
tropospheric value. In this condition the RRI gradient
goes to —80 N/km (Equation 4.2), for favoring propa-
gation of over horizon signal. This result suggests that
on the days when signals from Chukha were received at
GU, the RRI should reach at least a value of —80 N/km.
We therefore calculate RRI over GU from the Equation
(4.1), (with the observed parameters) and the received
gradient of —80 N/km up to 1.0 km height on January 8,
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Maximum
. wave distance (km
Effective ( )
. for the transmitter
Earth radius a
e at Chukha, Bhutan
(km) )
and receiver
at GU, Guwahati
8533 194
8960 199
9387 204
9600 206
10,027 211
10,667 217
11,308 224
12,160 232
12,800 238
13,013 240
13,227 242
13,440 244
13,653 246
13,867 249
14,720 255

Table 1. The effective Earth radius and corresponding maximum
wave distance relevant to the Trans- receiver location status, consid-
ered in the study. Note that only when effective Earth radius factor
goes around 13,400 km (i.e., when dN/dh = —80 N/km or more neg-
ative) reception of signal from Chukha, station is expected to reach
Guwabhati, a condition obtained prior to the considered EQ events.

2013, supports generation of a favourable situation
leading to anomalous propagation of signal. In Octo-
ber 2012 EQ event too, the observed RRI gradient of
—70 N/km is an index of possible increase of over hori-
zon propagation path length.

Further, it is essential to estimate the effective
preparatory radius of the EQ, and its contribution to
the increase in LOS path and hence in anomalous signal
reception. In case of the January EQ, the following cal-
culation is made to examine whether propagation path
lies within the EQ preparatory process.

Here, the size of earthquake preparation zone ac-
cording to Dobrovolsky formula comes as Rpo = eM=
e’ = 365 km (marked by circle in Figure 13).

It is seen from geometry that distance between
epicentre of January 2013 EQ and Bhutan is 475 km,
the distance of GU w.r.t epictre is 248 km and therefore
the effective preparatory zone of 365 km covers a sig-
nificant part (estimated as 45%) of the propagating path
between Chukha to GU. The simple geometry thus
shows that Bhutan-GU epicentre locations are on the
same straight line and significant part of VHF radio

propagation was inside the region under the prepara-
tory action of the earthquake. The parameters like
temperature and humidity also get modified in this
process. Such VHF trace is thus very convenient for
registration of anomaly due to pre seismic regional ac-
tivity. Similarly we can see that in the October 2012 EQ
case, only 8% of the propagating path is intercepted by
the active EQ preparatory circle. As the LOS reception
of a radio signal is affected by cumulative bending of
the ray due to the refraction over the entire signal path
[Onoe et al. 1958], modification in refractive index in
any section of the path will leave its own imprint on the
path length. Therefore, reception of relatively strong
anomalous signal on the January event, compared to
that of the October EQ case, is now apparent, though
Chukha transmitter and epicenter of the January EQ
(at Indo-Myanmar border) lies just in opposite direc-
tions about GU (Figure 4). This observation points to
the fact that the beyond the horizon propagation of sig-
nal at EQ-times may be expected even when the trans-
mitter and epicenter locations are in opposite direction
relative to the receiver so long the propagation trajec-
tory is intercepted by the EQ preparatory radius.
Along with these aspects, one can also bring in to
discussion the possible role of aerosols of the lower at-
mosphere in favouring VHF anomalous propagation.
Sorokin et al. [2014] have shown through model com-
putation that discharges in ionized layer formed at 6 km
to 10 km by charged aerosols due to lifting of soil gases
over seismic region, could help VHF signal to enhance
its LOS range. However, in our case with the transmit-
ter-receiver epicenter location geometry, the model could

2 Latitude 3
) )

Bhutan
27 —

26 —

25

89

Figure 13. The earthquake preparatory zone of January 9, 2013,
EQ and the simple geometry of Bhutan-GU and epicenter locations.
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not be fitted into the observed signal reception pattern.
These include observation of no noise in the background
prior to the events and requirement of near vertical
striking angle at the discharge zone.

It is however important to examine association of
orographic role on EQ time changes in atmospheric dy-
namics in enhancement of LOS path length in the en-
vironment taken under this study. This indeed is a
difficult task as earthquake preparatory processes could
cause diverse effects in the near Earth space and their
manifestations are observed at the surface that may ex-
tend even up to the ionosphere [Depueva and Ruzhin
1995, Devi et al. 2001, Liu et al. 2001, Devi et al. 2004,
Parrot et al. 2008, Devi et al. 2011, Devi and Barbara
2012, Devi et al. 2013a, Devi et al. 2013b, Parrot et al.
2013]. However, in the context of present observation,
the atmospheric factors with reference to EQ-time drop
in temperature will be specially discussed as this is one
of the prime factors leading to changes in near Earth
dynamics and also that in almost all the reported cases
related to EQ induced temperature variations, be it sur-
face temperature, the Sea Surface Temperature (SST)
or Surface Latent Heat Flux (SLHF) [Qiang 1997,
Tronin 2000, Tronin 2002, Dey and Singh 2003, Cer-
vone et al. 2004, Devi et al. 2007, Ouzonov et al. 2007,
Singh et al. 2007, Alvan et al. 2012, Goswami et al. 2014],
an increase in its value has been noted except a few
cases [Singh et al. 2010]. Such enhancement in temper-
ature is related to the strain that affects its fluid-rock in-
teraction releasing radiation from Ultra Low Frequencies
(ULF) to Infra Red (IR) especially along the fault
zone. Our observations of drop in temperature dur-
ing the EQ cases cannot therefore be explained only
by above factors and it is necessary perhaps to include
the dynamic status of the atmosphere dictated by the
associated terrain topography of the transmitting and
especially of the receiving zone. One significant point
to be noted from Figures 4, 5 and 9 is that a decrease in
temperature follows its increase, even for a small pe-
riod of time (one day). Such reduction in temperature
therefore might in fact be the result of initial increase
in ambient temperature (warming the atmosphere of a
localized area caused by emission of heat energy through
weak fault line), which is then cooled by air from the
surrounding low temperature zones. One such sources
of cold air around the study zone during the winter is
North Easterly (NE) wind (Figure 14), when the land is
cooler than the Bay of Bengal (BOB). The sudden in-
crease and accumulation of EQ time temperature gen-
erates a circulation, leading to a localized low pressure
area which may immediately be replenished by the cold
NE wind prevailing during this season as displayed in
Figure 14, by the wind direction obtained from the

model VARSHA. Such process will not only check the
temperature growth process but may lower the tem-
perature from the average as observed in the study.
This process is augmented by the local environments
of the epicenter and surroundings as can be seen from
circulation of wind in the NE part of India (Figure 14).
These modifications are therefore reflected in the RRI
values as observed prior to the January EQ favoring
VHF anomalous propagation.

For the October EQ, the warm localized circula-
tion and up draft of air over the epicenter is more likely
to be replenished by the relatively mild cold wind from
Sub Himalayan region, as displayed by model VARSHA
(Figure 15). All these aspects put weight-age in lowering
the temperature leading to corresponding changes in
RRI and finally to over horizon signal propagation.

The EQ caused modification in temperature can
finally be modeled when the system passes through an
isothermal and pseudo adiabatic irreversible process. The
EQ induced temperature (Te) is the external energy say
Q (isothermal), converted to work in moving the system
(like wind etc.). The overall drainage of energy from
the system cools the environment through adiabatic
processes resulting to decreases of temperature from
earthquake induced one Te to Tc. For growth of wind,
the required temperature gradient can be well supported
by the topography of the study environment.
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Figure 14. Speed (m/s) and direction of winds prevailing in the
North East (NE) part of India during the month of January, as ob-
tained from a mesoscale model VARSHA. Note that the North East-
erly (NE) wind is most significant during this season. The position
of transmitter, GU and the epicenter are marked in the figure.
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Figure 15. Speed (m/s) and direction of winds prevailing in the
North East (NE) part of India during the month of October, as ob-
tained from a mesoscale model VARSHA. Note that West-East wind
along the sub Himalayan region is the only significant wind com-
ponent in this season. The position of transmitter, GU and the epi-
center are marked in the figure.

5. Conclusion

The phenomenon of trans-horizon LOS radio sig-
nal reception at GU from FM transmitter at Chukha,
Bhutan, as presented here is due to EQ induced processes
in the troposphere but not by ionospheric scattering or
reflections. It is noted that this process is a consequence
of increase in RRI gradient as a sequel to interception
of at least a part of the link path by EQ preparatory ra-
dius. Further, the topography of the trans-receiver path
is observed to play a significant role in such mode of re-
ception. The paper reports a decrease in temperature
(with a short initial increase) during an EQ, instead of an
enhancement, as is the common observation. The drop
in temperature is discussed with reference to the to-
pography and prevailing wind components of the study
environment, by a model system that encompasses an
isothermal and pseudo adiabatic irreversible processes.
However it is necessary to include humidity parameter
in the model which will be our future exercise.
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