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Abstract

To study the nature of seasonal variations in time series measured at the Garm test site, a local model based on
the experimental data of atmospheric precipitation penetration into the soil has been proposed. It is intended for
filtration of exogenous variations in the data of various time series and a study of statistical structure of differ-
ent natural processes, including earthquake preparation processes, and the mechanisms of their effect on the
biosphere. Using this model, we analyze and compare variations in apparent resistivity and properties of rock
moistening. It has been shown that at small current-electrode (AB) separations among all the parameters of wa-
ter regime, only water saturation of the active soil layer reveals a significant correlation with apparent resistivi-
ty variations. When increasing the current-electrode separation, the seasonal variation form varies from quasi-
sinusoidal in the upper layer up to quasi-triangular at the largest investigated depths (maximum separations).
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1. Introduction

Identifying exogenous, in particular season-
al, variations in time series of geophysical data is
an important task in the framework of analysis of
earthquake precursors (Yamauchi, 1987; Zhao,
1987; Sidorin, 1992). Its solution is complicated
by the absence of a precise modeling of the sea-
sonal variations that affect geophysical parame-
ters. Such a situation is typical in the time series
of apparent electrical resistivity (Qian, 1985;
Sidorin, 1992).

Physically, it may be expected that the strong-
est exogenous variations in apparent resistivity
depend on different hydrometeorological factors,
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especially atmospheric precipitation. Atmospher-
ic precipitation causes variations in parameters of
underground hydrosphere condition, influencing
many characteristics of the geophysical medium
and the behaviour of some animals. These as-
sumptions were proved experimentally (Kawada,
1966; Barsukov, 1972; Searls et al., 1978; Mc-
Clellan, 1980; Deng et al., 1981; Sidorin, 1984,
1986; Cornea et al., 1985; Shapiro et al., 1985;
Zhuravlev and Sidorin, 1986; Fuye et al., 1988;
Descherevsky and Sidorin, 1999a, 2000) and
must be taken into account when searching for
geophysical, geochemical, and biological precur-
sors of earthquakes.

The investigation of data measured at the
Khazor-Chashma station in the Garm test site
needs to take into account the exogenous varia-
tions in apparent resistivity of rocks. This effect,
of course, cannot be estimated directly by the
precipitation, since the main role has been
played by the water penetrating into the soil lay-
er affecting the surface rocks.

During winter, precipitation is accumulated
in snow, and its melting and penetration of mois-
ture into the soil occurs mainly during spring. In
summer, at heavy drainage of the ground water
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and a small quantity of precipitation the rainfall
only slightly dampens the upper (active) layer of
the soil and then evaporates and its penetration
into the deeper horizons is practically absent.

Since water penetration into the soil was not
measured and the problem of water penetration
from the atmospheric precipitation into the soil
is rather complicated, some approaches to its so-
lution were proposed in Zhuravlev and Sidorin
(1986), and in more detail in Descherevsky et al.
(2001), in which a local model of processes of
moisture penetration into the soil at the Khazor
Chashma station was developed.

The model uses, as input data: 1) quantity of
atmospheric precipitation for a day (mm); 2) av-
erage daily and minimum night air temperature
(°C); 3) the height of snow cover (cm); iv)
deficit of relative air moisture (%). The model
takes into account the following processes: i)
precipitation in a solid and liquid form and their
accumulation in a snow cover; ii) melting and
freezing of snow cover and moisture evapora-
tion from its surface; iii) inflow of atmospheric
precipitation and melted water from snow into
an active soil layer; iv) balance of moisture in an
active soil layer: accumulation, abundant mois-
ture outflow due to evaporation, penetration in-
to deep horizons and surface runoff.

The main result of the model is the determi-
nation, only by data of standard meteorological
observations, of the quantity of water that prac-
tically enters into the soil. This quantity of wa-
ter is important regarding the estimation of the
effect of exogenous factors on variations of geo-
physical parameters.

The paper shows that these two processes
(rainfall and snow precipitation and water pen-
etrated into the soil) have a different seasonal
course; therefore the processes of moisture ac-
cumulation in a snow cover and its consequent
melting in spring have to be taken into account
to define the problem of assessment of the ef-
fect of exogenous factors on geophysical pa-
rameters.

2. Initial data

Two sets of time series were used for this
analysis:
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1) the time series characterizing the process
of water penetration into the soil were considered
(Descherevsky et al., 2001): 1) the initial series of
atmospheric precipitation; 2) the series of mois-
ture inflow into the soil; 3) the series of moisture
store in the soil’s active layer; 4) the series of
moisture outflow from the soil’s active layer.

i) variations in apparent electrical resistivity
of rocks, analyzed by the monitoring data at the
Khazor-Chashma station of the Garm test site.
These variations were observed at the set of four-
electrode Schlumberger arrays with the follow-
ing separations of the AB current and receiving
MN electrodes (AB/MN): 6/2 m, 18/2 m, 30/10
m, 650/150 m, 3000/500 m (Sidorin, 1990).

Figure 1 shows the data.

3. Data analysis

Since original series contain wide fluctua-
tions and non-stationarity of a different origin
(flicker-noise structure of data), we cannot carry
out correlation analysis of these data directly.
Significant noise inevitably occurs at such com-
parison which excludes the possibility to ob-
serve the more delicate effects of relatively small
amplitude which we would like to discover.
Therefore, a method that is stable to random
noise was used for the analysis.

The method is based on comparison between
seasonal variations in apparent resistivity and
hydrometeorological parameters. Long-period
variations — with typical time of the years and
over — have not been studied. Since these varia-
tions are present in the series of apparent resis-
tivity, to avoid seasonal distortions and to sup-
press additional noise they were first filtered.
The trend was estimated by a method of a sliding
average, with a smoothing window 1100 days
wide. To improve frequency characteristics of a
smoothening filter, the Gauss weight window
function was used. For the hydrometeorological
parameter series the trend was not filtered.

Firstly, an Average Seasonal Function (ASF)
was obtained for each series. The calculation of
ASF for the apparent resistivity series is de-
scribed in (Descherevsky and Sidorin, 1999b;
2003). For the hydrometeorological parameters
a similar technique was used.



Seasonal variations in natural processes and atmospheric precipitation

1979 198@ 1981 1982 1983 1984 1985 1986 1987 1988 1989 1998 1991
T T T T T T T T T T T

a8 1 T

T 117
[£}]
'
9]
111 |

TTTTTT

[
3 [
@ I
é
|

TTTTTT
- ™
" I
u 1]
E
L1l

TTTTTT
Eoo
-] ®
Q

AN

TTTT7T
o]
3]
L]

>

11111

wnlLl{ilL_thlhlﬁ A U

-1g 1 1 ] 1 1 1 1 1 1

Fig. 1. Initial series: apparent resistivity at separations a — 6/2 m, b — 18/2 m, ¢ — 30/10 m, d — 650/150 m, e —
3000/500 m (all of them in €-m), f — atmospheric precipitation, g — the moisture inflow into the soil, 4 — the
moisture store in the soil’s active layer, i — the moisture outflow from the soil’s active layer (all of them in mm).

Secondly, coefficients of correlation and re- distorted due to various random peculiarities of
gression between ASF and initial realization the original series. To eliminate this effect, we
were calculated in a sliding year window for used the method of adaptive ASF smoothing
each series. The correlation coefficient used to with subsequent cycle described in Desche-
reveal the stability of a seasonal variation form, revsky and Sidorin (1999b, 2003). Relative to the
and the regression that of seasonal variation am- algorithm proposed in Anderson (1971), this
plitude. method is simple (only one parameter, namely

The ASFs were obtained according to the the smoothing window width, is variable) and
technique described in Descherevsky and Si- provides an unambiguous physical interpreta-
dorin (1999b, 2003), and Descherevsky et al. tion.

(2001). This technique envisages the ASF esti- The purpose of smoothing is suppression of
mation by a method of superposition of epochs. all the unreliable peculiarities of ASF, therefore
The ASF estimate based on the method of super- the size of a smoothing window depends on
imposed epochs has certain disadvantages for fi- many factors: initial realization noise, intensity
nite length determination. In particular, the ASF of a seasonal component, the series’ length and
form and seasonal variation amplitude may be others. The degree of smoothing (the smoothing

75



Alexey V. Descherevsky and Alexander Ya. Sidorin

window width) was determined for each real-
ization individually by the results of special
tests in such a way as to make the decrease in
dispersion of ASF caused by the smoothing
comparable with dispersion of the noise com-
ponent of ASF (Descherevsky and Sidorin,
1999b, 2003).

Taking into account the stated considera-
tions, the following procedure of selection of
optimal ASF smoothing was used.

First of all, a non-smoothed ASF was calcu-
lated by epoch superposition by a whole term
and dispersion of the residual component (after
the ASF extraction) and its high frequency com-
ponent was also evaluated. Besides, «partial»
ASF by the first and the second part of the term
were calculated and dispersion of their differ-
ence was determined. Besides the dispersion,
statistics of average module of difference of the
two partial ASF calculated by the first and the
second part of the observation term was also
used. A problem on evaluation of correlation of
the partial ASF was solved at the same time. It
was assumed that significant correlation between
them might be considered independent confir-
mation of reliability of seasonal periodicity.

Further, the ASF calculated by the epoch su-
perposition by the whole term was smoothed by
a cycling sliding average; smoothing windows
of different width were tested and decreasing of
the ASF general dispersion and also the disper-
sion of its high frequency component (periods
up to 14 days) was evaluated. To improve the
frequency characteristics of a smoothing filter
the Gauss weight window function was used.

The dispersion and standard deviation de-
crease caused by smoothing was compared to
evaluations of the dispersion and standard devi-
ation of a noise component of the non-smooth-
ed ASF obtained by the methods described
above.

The final optimal width of the ASF smooth-
ing window was selected taking into account all
the enlisted factors and for the series of appar-
ent resistivity the results for the neighboring
separations with relatively close amplitude of a
seasonal variation were also taken into account.
Although the described procedure in a way is
based on subjective and qualitative evaluations,
the final results by an order of a value are rather
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uniformly determined by calculated statistics,
i.e. the human factor effect may bring only
small distortions into these results.

As a result, the width of a smoothing window
was chosen as follows: for the apparent resistivi-
ty series (AB/MN) 6/2 m, 18/2 m, 30/10 m,
650/150 m, 3000/500 m as 63, 63, 63, 123 and
63 days, respectively (Descherevsky and Sidorin,
1999b); for the series of atmospheric precipita-
tion, 121 days; for the series of moisture inflow
into the soil, 31 days; for the series of moisture
store in the soil’s active layer, 45 days; for the se-
ries of moisture outflow from the soil’s active lay-
er, 31 days. However, increasing the size of win-
dow by two or three times, the correlation and re-
gression curves remain approximately the same.

The ASFs are plotted in fig. 2. Comparing
the form and the phase of apparent resistivity
seasonal variation at a maximum 3 km current-
electrode separation (curve e) with moisture in-
flow into the soil (curve g), moistening of the
soil’s active layer (curve k) and the moisture
outflow from the soil’s active layer (curve i), we
observe a good similarity among the curves.
This indicates that the apparent resistivity in-
creases at maximum separation between spring
and summer, in concomitance with abundant
inflow of melted and rain waters into a sound-
ing volume, due to which decrease of porous
solutions’ mineralization and consequently, of
their conductivity and increase in apparent re-
sistivity occur.

The pattern is more complicated at minimum
separations. First, the seasonal resistivity reaches
the maximum earlier, at the beginning of March,
and then it follows a more complicated law. Sec-
ond, after reaching the seasonal minimum be-
tween summer and autumn, the resistivity does
not stabilize but it smoothly increases up to Feb-
ruary. However, in this case an observed pattern
also becomes more clear, if we admit that at
these separations along with soil moisture min-
eralization moisture variations also play an im-
portant part. Thus, at the beginning of spring si-
multaneously with moisture inflow, resistivity
starts to decrease in accordance with the medium
moistening increase. In the middle of spring,
moisture inflow reaches a maximum, and resis-
tivity decrease in this period is small, since the
coming water is less mineralized and with rela-
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Fig. 2. Smoothed ASF: apparent resistivity at separations a — 6/2 m, b — 18/2 m, ¢ — 30/10 m, d — 650/150 m,
e —3000/500 m (all of them in Q-m), f— atmospheric precipitation, g — the moisture inflow into the soil, 4 — the
moisture store in the soil’s active layer, i — the moisture outflow from the soil’s active layer (all of them in mm).
Two periods of average seasonal function are given.

tively high resistivity. At the end of spring, in- mediate separations (AB = 30 m, curve c; AB =
flow of slightly mineralized surface waters de- = 650 m, curve d). However, the pattern of
creases, and general saturation remains high, these variations fully agrees with the assump-
and due to the soil’s moisture mineralization the tion that changes in subsoil moisture and
resistivity continues to decrease rather rapidly. porous solutions’ mineralization cause effect to
Furthermore, during summer mineralization and a significant degree on apparent resistivity vari-
conductivity of water solutions continue to in- ations at these separations as well.
crease and saturation to decrease, the first Thus, the patterns of apparent resistivity
process has a stronger effect on resistivity and it seasonal variations in a wide range of separa-
gradually decreases. Near the end of summer tions are mainly caused by variations of param-
mineralization apparently stabilizes and apparent eters of porous water solutions occurring due to
resistivity slowly increases with the decrease of a precipitation.
quantity of soil and subsoil moisture, continuing The correlation and regression coefficients
up to the beginning of spring. between ASFs and original series were calculat-
A more complicated pattern of apparent re- ed sliding an annual window through the period
sistivity seasonal variations is observed at inter- of measurements. The correlation coefficient de-
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tects the stability of the seasonal variation form, ries, taking the values 006, 018, 030, 650 and
and is plotted in fig. 3. We denote the series of 3000 for the apparent resistivity series and
time variations of correlation coefficients as 0OSA, D_WATER, W_GROUND and D_W_GROUND
Stab;, where the index i indicates the original se- for the precipitation series, the series of mois-
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Fig. 3. The correlation coefficient estimated in a sliding annual window between the initial series and its ASF
(dimensionless): the correlation coefficient for apparent resistivity series at separations @ —6/2 m, b — 18/2 m, ¢
—30/10 m, d — 650/150 m, e — 3000/500 m, f — atmospheric precipitation, g — the moisture inflow into the soil,
h — the moisture store in the soil’s active layer, i — the moisture outflow from the soil’s active layer.

Table 1. Correlation between seasonal course stability coefficients of apparent resistivity and hydrometeoro-
logical parameters.

Parameter Stabosa Stabp_warer Stabw_crounn Stabp_w_Grounp
Staboos -0.10 0.02 -0.09 -0.32
Stabos -0.30 -0.18 -0.07 -0.16
Stabozo -0.45 -0.12 -0.18 -0.10
Stabeso 0.03 0.34 -0.00 0.08
Stabsooo -0.05 -0.23 0.08 -0.31
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ture inflow into the soil, the series of moisture It should be noted that according to con-
store in the soil’s active layer and the series of struction, successive values of the series Stab
moisture outflow from the soil’s active layer, re- are heavily correlated, therefore a number of
spectively. independent data values for each from these se-
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Fig. 4. The regression coefficient of ASF estimated in a sliding annual window for the initial series (dimension-
less): the regression coefficient for the apparent resistivity series at separations a — 6/2 m, b — 18/2 m, ¢ — 30/10
m, d — 650/150 m, e — 3000/500 m, f — atmospheric precipitation, g — the moisture inflow into the soil, 4 — the
moisture store in the soil’s active layer, i — the moisture outflow from the soil’s active layer.

Table II. Correlation between the series showing the amplitude of apparent resistivity seasonal course and hy-
drometeorological parameters.

Parameter Regrosa Regrp warer Regrw_crounp Regrp w_Grounp
Regroos 0.35 0.37 0.00 0.16
Regros 0.30 0.60 0.22 0.47
Regrom —0.28 —0.03 —0.30 —0.11
Regreso -0.24 -0.22 -0.27 -0.29
Regrsoon -0.23 -0.44 -0.10 -0.36
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ries is much less than a general number of the
series’ terms. From below it may be estimated
by a number of years during which observa-
tions were continued, from above — by double
number of the years. Thus, to estimate a corre-
lation coefficient between the series Stab;, then
95% level of significance will be somewhere
between 0.20 and 0.30. Table I shows the cor-
relation between the Stab; series.

An analysis of table I shows that 14 values
out of 20 are less than 0.2 and may be related to
insignificant ones at a 95% level. A formal 95%
level of significance is increased by approxi-
mately a quarter of values in the table. It is no-
ticeably more of expected ones by the statistics
of the 5% values. However it is not easy to find
logic in the obtained results. Apparently, there
is a relation between disturbances of a seasonal
variation form for the comparable parameters,
however it is not definitive, variations may be in
phase ones and also in antiphase ones. As a
whole, the Stab; series is not the most optimal
instrument to carry on this analysis.

Figure 4 shows the regression coefficient
series, denoted by Regr;, which informs on the
seasonal variation of amplitude.

It is worth mentioning that the largest dis-
cordance between ASF smoothed and the orig-
inal series occurs usually in case of a shift of
seasonal variation phase occurring due to shift
of spring heavy showers’ maximum in time.
We observe a sharp decrease of correlation co-
efficient concomitantly with the increase in re-
gression coefficient dispersion. If changes of
seasonal variation occur mainly in amplitude
then the correlation coefficient continues to be
high and the regression coefficient increases.

Figure 4 shows a good similarity among all
of seasonal course amplitude curves of appar-
ent resistivity and the Regr; series characteriz-
ing parameters of water regime. Table II shows
the correlation coefficients of series Regr; be-
tween each other.

Comparing the previous case, absolute val-
ues of correlation coefficients have noticeably
increased. Now, 8 values out of 20 are not less
than 0.3 and may be definitely related to sig-
nificant ones at a 95% level, 5 — to insignificant
ones (< 0.2), and the remaining 7 occupy inter-
mediate position.
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For the series of apparent resistivity at min-
imum separations, we observe a very good rela-
tion between seasonal variation amplitude and
precipitation parameters, especially with the
quantity of precipitation, penetrated into the
soil. At medium and large separations the rela-
tion unexpectedly becomes anti-correlation. It
may be deduced that during the years with the
increased quantity of precipitation the ampli-
tude of apparent resistivity seasonal variation at
large separations decreases, or disturbance of a
seasonal variation form occurs, since the re-
gression coefficient decreases.

4. Conclusions

Apparent resistivity variations were analy-
sed and comparied with time series of differ-
ent parameters of rock moistening, calculated
using a local model of atmospheric precipita-
tion inflow into the soil developed by the au-
thors. The model showed that at small cur-
rent-electrode separations from all the param-
eters of water regime, only water saturation of
the soil’s active layer reveals a significant cor-
relation with apparent resistivity variations.
With increase in current-electrode separation,
the relation is considerably complicated, but,
it is fully in accordance with the fact that not
only processes of soil moistening but varia-
tions of soil moisture mineralization affect
apparent resistivity variations.
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