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Mechanism of formation of cluster ions in the lower troposphere

galactic primary ions stable
cosmic rays : “terminal” ions

R

small
solution droplets
(rain and fog)
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lon-molecular reactions
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Hydration process
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Covalent radii:

F12504 UCN
vapor condensation o s cluster
— - ) nucleation
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Usually 3 cycles of the droplet formation are realized
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ypical raden variations before eanthguake
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Do large aerosol-size clusters form

before earthquakes?
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What relation all this has to the ionosphere?

~250

Ionosphere
R
|Rs
o Fair weather
| R, return current
. c ~d pA/m 3
E~100 V/m

Ground
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lon’s mobility and air conductivity

‘ Ana-  Fraction

Mobility Diameter
lyvzer cm® V'™ nm
. _|_ + _ _ Small Cluster lons
1 =eln + 1 E — O_E 1S, N,/P, 2.51-3.14 0.36-0.45
a— ﬂ ‘Ll — 1S, Na/ P 2.01-2.51 0.45-0.56
1S, NP 1.60-2.01 0.56-0.70
1S, NJP, 1.28-1.60 0.70-0.85
Big Cluster lons
+ + — - IS, N/Py 1.02-1.28 0.85-1.03
O =¢8e\n # + " ‘L[ IS; NP 0.79-1.02 1.03-1.24
IS, Ny/Py 0.63-0.79 1.24-1.42
IS, Ny/Py 0.50-0.63 1.42-1.60
Intermediate lons
n 1S, No/Py 0.40-0.50 1.6-1.8
IS| f"h'r|g.-"F|.{;. 0.32-0.40 1.8-2.0
+ + - - IS,  Nu/Py 0.25-0.32 2.0-2.3
O =8 145 # + 71: ‘L[ 1S,  N,/P, 0.150-0.293 2.1-3.2
1 1 1 1 1S;  Niy/P 0.074-0.150 3.2-4.8
IS2 NPy 0.034-0.074 4.8-7.4
' 1 Light Large lons
1= IS2  Nis/Pis 0.016-0.034 7.4-11.0
ISy NP 0.0091-0.0205 9.7-14.8
IS;  Ni/Pp 0.0042-0.009] 15-22
Heavy Large lons

1S, NP 0.00192-0.00420 22-34
1S3 NP 0.00087-0.00192 34-52
1S; NPy 0.00041-0.00087 52-79
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lonospheric potential variations
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lon concentration distribution before
Sumatra M8.7 EQ of 27 March 2005
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Precursor’s morphology shows their uniqueness
permitting to separate them from other kinds of

ionospheric variability

Locality -‘

Time development

Local time dependence
Vertical profile modification
Mean ion mass changes

Plasma parameters changes (electron and ion
temperatures, plasma instabilities, etc.)

Specific EM emissions
* Particle precipitation
# Conjugancy and deep role; of the equatorial anomaly

X K K% * F*  *

*

R .
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Different temporal evolution

foF2 at Lun-ping duning July 1-20, 1998
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Scale height effect in vertical profiles

thickness and ¢
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height, km

Mean ion mass effect
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Irpinia earthquake M6.9 23 Nov 1980
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Modeling
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Formal anomaly determination

lartile

lower Quartile

> 0bserved Value

y

L

S R T T it R B T g i
0 1 2 3 45 8 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

it LT (hdtr)
KOCMHWYECKHUX y . :

WUCCIEJOBAHMM
PAH




-15 -10 -5 0 5 10 15

Liu et al. (AG 2004)

| .

MHCTUTYT

Anomaly Days Compare with ML6 case=21

GPS=76%

NmF2=71%

REEMASHS, Space Weather and lonospheric Exploration with GNSS, ICTP, Trieste, April, 2012



Main result of DEMETER satellite

Ne_ratic

Distance

EQ data

2 !
1 I
0 = : =

—3G-29-28-2726-25-24-23-22-2+26-1-18-1F16-18-1413-12-1+10-8 -8 -7 -6 -5-4-3-2-10 1 2 3 4 5

Number: 5742 Magnitude: 5.0-10.C Depth(Km): 0.0—60.0

Tune: dllbune | and fQanr all Kn indav: FNs3L RGCIL
Ne_ratic

Random data

0.25

0.00

Distance

-0.25

—C.B0

—0.75

—1.00
—36-29-28-2726-25-24-23-22-2+20-18-18-1+16-15-1413-12-1+-10-9 -8 -7 -6-5-4-3-2-10 1 2 3 4 §

Number: 5000 Magnitude: 5.0-1C.¢ Depth(Km): 0.0—-60.0
Type: Alltype Land/Sea: all Kp index: EQ<3+ BG<3+
~  WHCTUTYT Geoclat: —50.0_50.0 EQ days: EQ-3C_5 BG days: BG-%0_-31

KOCMHYECKHX
UCCIIE[JOBAHUN
PAH



Haiti earthquake M7.9 Jan 12, 2010
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Tohoku Mg earthquake March, 11, 2011
complex geophysical conditions
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EQ effect separation from F10.7 and

magnetic storm effects
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Detection 1

Precursor mask conception

We represent the state of the iono-
sphere prior to the event in the form of an A; matrix
whose columns contain the hourly deviations of foF2
from its median value. The number of columns in the
matrix is determined by an expected time interval
between a precursor and an event. In this paper, we
assume that this interval does not exceed six days and,
respectively, the dimension of the A; matrix is 24 X 6,
ie.,i=1...24,j=1...6.

For all events we form matrices in the same manner

and obtain an A{’ series, where  is the ordinal number
of an event. We now introduce the value

2 (A(")
Sy =
(2(A‘”’

where (...), means averaging over an ensemble of n
events. S, is the dispersion normalized so that §; = 1.

With the help of S,, it is convenient to characterize
the degree of A, similarity at various n. For example,

if Ag’) values for various events do not correlate with

one another, the S, series tends to unity at n — oo, In
the other extreme case, when the states of the iono-
sphere prior to all events are completely identical, S,
increases: S, ~n at n — co.

|

MHCTUTYT

0 I | 1 | ! 1
5 10 15 20 25 30 n

Fig. 2. Behavior of the S,, parameter for two groups of deep-

focus earthquakes: a series of 23 (curve /) and 30 (curve 2)
events. Dashed and solid curves: theoretical curves for a
similar state and noncorrelated states of the ionosphere
prior to any earthquake in the series, respectively.
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Cross-correlation coefficient
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Examples of Cross-correlation
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Local Variability Index
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Regional TEC
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Sometimes Global TEC does not work
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Two main branches of the LAIC model

Thermal lonospheric
anomalies anomalies

lonosphere  ~250 kV

Boundary layer
conductivity
modificatior

Latent heat
release

lon Induced
pucleation

TWO MAIN CONSEQUENCES OF IONIZATION

RS, Space Weather and lonospheric Exploration with GNSS, ICTP, Trieste, April, 2012



The synergy of earthquake precursors
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Caltech-JPL ARIA g our;

Thermal map at TOA (-6 hours) ~ TEC Tomography (-5 hours) GPS Displacement

128 130 132 134 136 138 140 14344 146 148 150 152 : — 100(cm)
Longitude 2 E =
138° 144° 134'E 136'E - 138'E 110'E 142"E 144'E 148'E
E_Index
20 25 3.0 35 40 45 50 55 6.0 65 7.0 7.5
(Ouzounov et al, 2011) (Kunitzyn et al, 2011) (Caltech/JPLARIA group)
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Conclusions

onospheric pre-earthquake etfects a ;
physically grounded -

* GNSS can be powerful instrument for the global detection
of ionospheric precursors

* More ionospheric parameters are necessary for reliable
identification of ionospheric precursors

* lonospheric effects are part of more complex system of
the Lithosphere-Atmosphere-lonosphere Coupling

* The modern state of GPS TEC technology is able to provide
the real time global monitoring of ionospheric precursors

| 40
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Conclusions 2

egardless very dense networtl ey
e

undergo the same limitations as ionosonde d, what
makes problematic the detection of marine earthquakes

* GIM global maps could be alternative but they have sparse
spatial and temporal resolution, and strongly depend on the
GPS receivers density on the given territory

* New, more sophisticated techniques should be developed for
the reliable detection of ionospheric precursors on the strong
ionospheric variability background

* Topside sounding maybe good addition for the ocean gap
filling and providing the additional ionospheric parameters

| .
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GEOMAGNETISM AND AERONOMY, Enghsh Translation, VOL. 35, NO. 4, FEBRUARY 1996
Russian Edition: JULY-AUGUST 1995

Wavelike structure of longitudinal variations of the
nighttime equatorial anomaly
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Equatorial anomaly variability as a
function of the local time and the
longitude

S.A.Pulinets,
Instituto de Geofisica, UNAM, México
M. Hernandez-Pajares,
Univ. Politecnica de Catalunya, Barselona, Spain
V.H.Depuey,
IZMIRAN, Russia




Equatorial anomaly global distribution for July
1979, 14:30 LT by Intercosmos-19 topside
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Comments on the paper of

J. Love et al.

On the Reported lonospheric Precursor of the 1999
Hector Mine, California Earthquake

Prof. Sergey Pulinets
Institute of Applied Geophysics
Moscow

pulse1549@gmail.com
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The paper of J. Love et al. is and attempt to re-

Very good correspondence, even their index
looks better.

Questions:
1. Why authors average the Dst index? It is

absolutely incorrect because the strength of

geomagnetic storm (and corresponding
ionosphere reaction) are determined by the

maximum value of Dst which for this storm was

-237 nTl - very strong storm (by averaging
authors obtained -120 — two times less)

2. Top panel of the bottom figure (blue line) if it

is really TEC as it is written is absolutely
incorrect. TEC SHOULD show reaction on
geomagnetic storm on 22 October.



monthly median. Bottom panel'-
one-to-one correspondence of the positive TEC deviations to the
geomagnetic disturbances.
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It would be interesting to see at least one
calculation of any correlation coefficient
with any of indices. Otherwise it is simple
allegation.

It is obvious that the strongest reaction
of ionosphere and correspondent
variability should coincide with the
strongest geomagnetic storms. Red
arrows show geomagnetic storms start
and we do not see reaction both at upper
panel (blue) and lower panel (red)

Storm 1 no reaction

Storm 2 ionospheric
disturbance BEFORE the storm
starts

Storm 3 - strongest storm for
the whole period of 4 months -

no reaction

So where authors see
correspondence to
geomagnetic actitvity?



eparation. It is based on the fact that geomagne
seismo-ionospheric variability - the local character. It means that ionospheric variations
stimulated by geomagnetic activity will be similar at all stations while seismo-ionospheric
variability will be stronger at stations closest to the position of impending epicenter. That’s
why the spread in data for set of stations situated at different distances from epicenter will
be larger than during geomagnetic disturbance. The most bright example - variability index
before Mega-Sumatra earthquake on 26 Dec 2004. No reaction on geomagnetic storm -
strongest in the year and increase before EQ.
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We analyzed the situation to find
what could create increase of
variability index within the
extended time interval. Usually it
considered the threshold of
ionosphere sensitivity to the
seismic events with M>5. But for
such magnitude we see the clear
area of disturbed variability. The
small-scale variability (if we have
station close to epicenter could
be detected for lower levels. From
the USGS catalog we selected
double M4.4-4.5 event on 26 of
September, main event on 16
October and M4.5 event on 14
November, and result is
presented in the next slide.



see that observed variability
perfectly fits to our theory.
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