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Abstract

With the use of BAYTAP-G, the author analized low-frequency geoelectric field variations
observed using telecommunication facilities near Mito, Aizu and Numazu and with the
conventional method at Kakioka. Focusing attention on the amplitude factor of the frequency
response, the amplitude of the tidal component and minimum ABIC-value, the author discussed
what were derived by this analysis to evaluate BAYTAP-G as a means of an analysis of the
geoelectric field. The apparent resistivity derived by the above factor made prominent the
contrast between the three regions (Mito, Kakioka and Numazu) and Aizu region. The
amplitude of the tidal component also showed a similar distinct contrast between the three
regions and Aizu region. The author confirmed that the minimum ABIC-value well correlates
with the geomagnetic activity, suggesting that induced component can not be completely
separated in this study. By the use of the third (Z-)component of the geomagnetic field, the
minimum ABIC-value is lowered greatly in winter and little in summer season. This seasonal
variation of the role of the Z-component of the geomagnetic field which is lead by a
characteristic seasonal variation of the amplitude factor could not be geophysically interpreted
in this study. The minimum ABIC-value is further lowered by the use of the advanced

associated data of the geomagnetic field.

1. Introduction

In the previous paper (Ozima et al., 1989;
Mori et al., 1993), we reported that we analized
our data of the geoelectric field variations with
BAYTAP-G (Isnicuro et al., 1984). With this
program, the observed geoelectric field variations
were separated into four components: 1) tidal com-
ponent, 2) response to the associated data, 3)
trend, and 4) irregular component. By the use of
the geomagnetic data for associated data, we can
obtain the electromagnetically induced component
as the response to the geomagnetic variations. This
induced component is well known to be by far the
predominant variation of the geoelectric field varia-

tions. With this method, owing to the separation of
the induced component, the anomalous changes in
the geoelectric field which might be related with
the tectonic activities can be precisely detected.
For this purpose, of course, we need fairly stable
and noiseless digital data of both the geoelectric
and geomagnetic field variations over a long time.
In addition to the improvement in the detectability
of the anomalous changes in the crustal self-poten-
tial which may be found in the trend and/or the ir-
regular component, analysis of the geoelectric field
variations with BAYTAP-G gives us other infor-
mation. That is, i) the amplitude factor (the ratio
of the frequency response(induced geoelectric field)
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to the geomagnetic field) and the phase shift of the
frequency response, ii) the amplitude and the phase
of the constituents of the tidal component, and iii)
ABIC-values (AkaAIKE, 1980).

With the use of the facilities of the Nippon
Telegraph and Telephone Company:NTT (the
length of the base-line is 20 to 30 km) at Mito and
Numazu regions (Fig. 1), we have observed the
geoelectric field variations since 1985. At Mito
region, we have obtained so highly stable and
digital one-minute values of the
geoelectric field variations (e.g., Mori, 1987), but
the observation at Mito region was terminated in
August, 1989. The data obtained at Mito region
throughout this interval were used in this study. At
Numazu region, however, considerable amount of
cultural noise is contaminated (e.g., TAKAYAMA,
1989). The observation at Numazu region was con-
tinued until July, 1996, but the data during the
interval listed in Table 1 were used in this study.
Similarly as ours, KiNosuita et al. (1989) have
started observation of the geoelectric field varia-
tions with the use of the facilities of NTT at several
regions in Japan in 1987. Of them, the data at Aizu
region for the interval listed in Table 1 were
provided for this study. The observation stations at
Aizu region are also shown in Fig. 1. At Kakioka
Magnetic Observatory (KAK in Fig. 1), fairly
noiseless digital of the
geoelectric field variations have been obtained from
Jan., 1987 to Jan., 1988 with the conventional
method with the base-line EW:1.2 km and NS:0.9
km). In order to have a quick-look of the quality of
the data, examples of the original one-minute
values concerned in this study are shown in Fig. 2.
One observation-line of which direction is close to
E-W from each region was selected for this study.
Table 1 is the list of the distance, the direction and
the time-interval of the four base-lines of which
data the author analized and reports here.

noiseless

one-minute values

Recently, in April, 1996, the Kakioka Mag-
netic Observatory including the author has finished
the construction of a geomagnetic and geoelectric
observation system at Awajishima. We have just
started analizing the geoelectric data at Awajishima
using BAYTAP-G. Therefore, the author felt that

ito regton HIO,

7
37 //%-
el

36

S

35
0 SOKM
I T T -
4
139 140 141
Fig. 1 Observation networks for the geoelectric field, and

Kakioka Magnetic Observatory. The thick straight line
between observation points shows the base-line of
the geoelectric observation with NTT facilities.
Details of the observation points are given in Mori
(1987) and KinosHITA, et al. (1989). Mito region —
MTO:Mito, KSM:Kasama, ISl:ishioka, HIO:Hitachiohta.
Numazu region — NMZ:Numazu, ATM:Atami, ITO:lto,
SUZ:Shuzenjl, ODW:Odawara. Aizu region —
NAZ:Nishiaizu, SAY:Seaburlyama. Names of the other
four points are not shown in this figure. AlZ 1CH in
Table 1=NAZ-SAY. Kakioka region — KAK:Kakioka
Magnetic Observatory

Table 1 Description of the observation lines concerned in this study and the interval of data

which were analized in this study.

region base-line  distance(km) direction interval

Mito* KSM-MTO 19.0 N 93°E 1985 Mar.—~1989 Aug.
Kakioka** KAK EW 1.2 N8 °E 1987 Jan.—-1988 Jan.
Aizu* AlZ 1CH 31.8 N110°E 1987 Sep.—1988 Oct.
Numazu* NMZ-ATM 18.9 N 92 °E 1985 Sep.—1990 Aug.

* using NTT facilities, ** using conventional method
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Fig. 2 Examples of the plot of the original one-minute values of the data.

it is her duty to publish a paper in Memoirs of the
Kakioka Magnetic Observatory on the experienced
knowledge which she had obtained in the course of
the analysis of the geoelectric data at Mito,
Numazu, Aizu and Kakioka with BAYTAP-G,
hoping that this paper would benefit the younger
colleagues at the Kakioka Magnetic Observatory.
In this paper, the author intended to evaluate
how BAYTAP-G works as a means of the analysis
of the geoelectric field variations and will report

the results of the analysis of these data using
BAYTAP-G with special reference to i) the
time-variation of the amplitude factors of the fre-
quency response, ii) that of the amplitude of the
tidal constituents, iii) that of the ABIC-values, iv)
geoelectric differences between these four regions
(Mito, Kakioka, Aizu and Numazu). In this study,
the author dealt with the hourly mean values
derived from the one-minute values for both the
geomagnetic and the geoelectric fields. Therefore,
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this study is not adaptable for quick phenomena.
The geomagnetic field observed at Kakioka Mag-
netic Observatory (which is located about 30 km
SW of Mito) were used for associated data for
those four regions. Every successive 744 hourly
mean values (corresponding to 31 days) of the ob-
served data for the interval listed in Table 1 were
analized. As the quality of the data at Mito region
is the best, the author reports the results of the
analysis mainly of KSM-MTO.

2. Results of the analyses
2.1 Amplitude factor of the frequency response of
KSM-MTO, KAK EW and AIZ 1CH derived
using X(northward)- and Y (eastward)-component
of the geomagnetic variations
Fig. 3(a) and (b) show the time-variations of
the amplitude factors at KSM-MTO for the X- and
Y-component of the geomagnetic variations, res-
pectively, for several typical periods for examples.
As seen in the figures, there are fluctuations in
these factors. The fluctuation relative to the value
of the amplitude factor itself seems almost constant
for all periodé, e.g., around 0.15 for the X-com-
ponent. The origin of this fluctuation is inferred
partly to be in the accuracy of the observed data.
However, as seen in Fig. 3(a), on the whole, the
amplitude factors for all periods at KSM-MTO for
the X-component of the geomagnetic variations
may be regarded to have been almost constant for
these several years. On the other hand, as seen in
Fig. 3(b), besides the fluctuations, a seasonal
(biannual) variation in the amplitude factor for the
Y-component of the geomagnetic variations in the
medium period range (T = 4~6 hours) is dominant.
However, generally, the variation of the amplitude
factor for the Y-component of the geomagnetic
variations for the whole period range may be
regarded to have been stationary. Therefore, ex-
cept for the seasonal variations, the electro-mag-
netic properties at this region has not suffered
changes so much in these several years. The
amplitude factors at KAK EW (Fig. 4) and at AIZ
1CH (not shown in the figure) show similar varia-
tions as those at KSM-MTO. As has been already
mentioned, the data at Numazu region are very
noisy, therefore, the author could not show the
amplitude factors of the frequency response at

NMZ-ATM.

In the case of KAK EW (Fig. 4), the value of
the amplitude factor is about 1.5 times as large as
that at KSM-MTO (Fig. 3). This is the reflection of
a slight difference in the apparent resistivity be-
tween these two regions (Mito and Kakioka). On
the other hand, in the case of AIZ 1CH, the value
of the amplitude factor is small by one order of
magnitude compared with that at KSM-MTO ( see
Table 4). This also should be the reflection of a
large difference in the apparent resistivity between
Mito and Aizu regions. These will be discussed
further in 3.3.

2.2 Amplitude factor of the frequency response of
KSM-MTO, KAK EW and AIZ 1CH derived
using X-, Y-, and Z(downward)-component of
the geomagnetic variations
Fig. 5(a), (b) and (c) show the time-variation

of the amplitude factors at KSM-MTO for the X-,

Y-, and Z-component of the geomagnetic varia-

tions, respectively, for several typical periods for

examples. The zigzag variation in the longer period
range for the X-component and the seasonal varia-
tion for the medium period range for the Y-com-
ponent is similar as those in the above case where
the Z-component of the geomagnetic variations was
not employed. The anomalous value of the
amplitude factor for the X-component at March,

1989 is supposed to be an effect of the extra-or-

dinarily large magnetic storm at that interval. The

time-variation of the amplitude factor for the

Z-component of the geomagnetic variations in the

longer period range is comparatively large and

seems to be seasonal and also to be correlated
somewhat with the geomagnetic activity which is
shown in Fig. 6. That is, when the geomagnetic ac-
tivity is high, the amplitude factor for the Z-com-
ponent of the geomagnetic variations of the longer
period range is comparatively large. As clearly
shown in these figures, in the shorter period range,
variations of the amplitude factors for the X-(Fig.
5(a)) and the Z-component of the geomagnetic
variations (Fig. 5(c)) are much intensive and prin-
cipally seasonal, and also they seem to be anti-cor-
related. The variation for the Z-component of the
geomagnetic variations of the shorter period range
also seems to be'. superimposed' by a geomag-
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Monthly variation of the amplitude factor of the gecelectric field at KSM-MTO for several typical
periods. The X- and Y-component of the geomagnetic fleld were used as associated data. (a)
For the X-component of the geomagnetic variations. (b) For the Y-component of the geomagnetic
variations.
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Fig. 4 Monthly variation of the amplitude factor of the geoelectric field

at KAK EW for several typical periods. The X- and Y-component
of the geomagnetic field at Kakioka were used as assoclated
data. (a) For the X-component of the geomagnetic variations. (b)
For the Y-component of the geomagnetic variations.
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Fig. 5 Monthly varlation of the amplitude factor of the geoelectric field at KSM-MTO for several

typical periods. The X-, Y-, and Z-component of the geomagnsetic field at Kakioka were used as
associated data. (a) For the X-component of the geomagnetic variations. (b) For the
Y-component of the geomagnetic variations. (¢) For the Z-component of the geomagnetic
variations.
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netic-activity-dependent component. The compara- 1CH, similar results were obtained as shown in Fig.
tively small seasonal variation for the Y-component 7 and 8, respectively. From the same reason as in
for medium ~ short period range is in phase with 2.1, the author could not show the result of
that for the Z-component of the geomagnetic varia- NMZ-ATM.

tions of all period range. For KAK EW and AIZ On the basis of the facts, i) that in the above
K-index at KAKIOKA
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Fig. 6 Monthly mean value of the dally sum of the three-hour K-index at the Kakioka Magnetic
Observatory.
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Fig. 7 Monthly variation of the amplitude factor of the geoelectric fieid
at KAK EW for several typical periods. The X-, Y-, and
Z-component of the geomagnetic field at Kakioka were used as
assoclated data. (a) For the X-component of the geomagnetic
variations. (b) For the Y-component of the geomagnetic variations.
(c) For the Z-component of the geomagnetic variations.
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Monthly variation of the amplitude factor of the geoelectric field at AiZ 1CH for several typical periods. The X-,

Y-, and Z-component of the geomagnetic field were used as associated data. (a) For the X-component of the
geomagnetic variations. (b) For the Y-component of the geomagnetic variations. (c) For the Z-component of the

geomagnetic variations.

case where the Z-component of the geomagnetic
field was not employed for associated data to which
responses were taken, the amplitude factor for the
X-component of the geomagnetic variations was al-
most constant with time even in the short period
range, ii) that similar results as Fig. 4 were ob-
tained for the data at AIZ 1CH of which locality is
far away from the other three regions, and also iii)
that the variation of the Z-component of the
geomagnetic field is not thoroughly independent of
the variations of the X- and Y-component, the
author concludes that the intensive time-variation
of the amplitude factors in this case does not indi-
cate an actual time-variation in the electro-mag-
netic properties in these regions but is merely
derived from the principle of BAYTAP-G so that
the ABIC-value is totally minimized. That is, the
values of these factors in this case no more mean
information about the electric properties of the
earth as expected in magneto-telluric method. This
is discussed in 3.4.

2.3 Minimum ABIC-values for KSM-MTO

Fig. 9 time-variation of the
minimum ABIC-value for each set of 31 days for
the two cases, i.e., (i) the Z-component of the
geomagnetic variations was not included in the
analysis, (ii) three components (X-, Y-, and Z-com-
ponent) of the geomagnetic variations
adopted. The author found that the minimum
ABIC-value for the case (i) is always larger than
that for the case (ii) regardless of the value itself.
This means that the role of the Z-component of the
geomagnetic variations is significant in general for

shows the

were

the reproduction of the induced geoelectric varia-
tions. As seen in Fig. 9 and Fig. 6, the minimum
ABIC-value is clearly correlated with the geomag-
netic activity. That is, in the more intensely dis-
turbed interval, the larger the minimum
ABIC-value is and this situation is not changed by
the use of the Z-component of the geomagnetic
variations. This correlation is a matter of course
after the definition of ABIC-value. Still, the author
likes to point out this fact in order to emphasize
that this correlation indicates that the analysis of
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the geoelectric variations using hourly mean values
with  BAYTAP-G (employed here) cannot
completely separate the induced geoelectric varia-
tions, especially at the magnetically disturbed inter-
vals, and consequently comparatively large
amplitude of the irregular component is left at the
magnetically disturbed intervals as will be
demonstrated below.

The difference between the two minimum
ABIC-values for (i) and (ii), which may indicate a

measure of the importance of the Z-component of
the geomagnetic variations for the representation of
the induced geoelectric variations, varies annually,
as shown in Fig. 10. The difference is maximum in
winter and minimum in summer, which being al-
most zero in July. This is qualitatively consistent
with the fact that the variation of the amplitude
factor for the Z-component of the geomagnetic
variations is small in summer and large in winter
for the whole period range, as indicated in Fig. 5(c).

H
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Fig. 9 Minimum ABIC values of the geoelectric field at KSM-MTO In the two cases where the
Z-component of the geomagnetic fleld was not adopted and adopted as assoclated data.
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Fig. 10 The difference between the minimum ABIC values in the two cases.
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2.4 Amplitude of the tidal component at KSM-MTO

Fig. 11 shows time-variation of the amplitude
of the most predominant four constituents of the
tidal component (O,, S;', M,, S;?) in which the X-
and Y-component of the geomagnetic variations
were used as associated data. The amplitude of S,

and S, varies greatly yearly, while that of O, and M,
stays comparatively constant. Furthermore, the
amplitude of §, and S, is anti-correlated with each
other. That is, the amplitude of S,/S, is small/large
in summer and large/small in winter. In the case
where the Z-component of the geomagnetic varia-
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Fig. 11 Monthly variation of the amplitude of the tidal component of the geoelectric field at KSM-MTO
for the four constituents. The X- and Y-component of the geomagnetic field were used as

associated data.
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tions is added to the associated data, except for S,
the amplitude is almost same as those in the case
where the Z-component of the geomagnetic varia-
tions is not used, while that of S, is greatly dif-
ferent as shown in Fig. 11 and Fig. 12. That is,
owing to the addition of the Z-component of the
geomagnetic variations for the estimation of the in-
duced electric field, considerable amplitude of the
tidal component of the period of 24 hours is
reduced. As will be secen from the fact that the
time-variation of the reduced one is similar to that
of the amplitude factor of the Z-component of the
geomagnetic variations of period of 24 hours (Fig.
5(c)), the reduced portion of the tidal component
of the period of 24 hours should have been brought
to the induced component by the Z-component of
the geomagnetic variations. This fact implies that
using BAYTAP-G, it may practically be difficult to
separate thoroughly the tidal component from the
induced one for the variation of the periods of S,
(n=1,2,3,...), because these periods of S, are con-
tained in both the geomagnetic variations and the
tide.

In principle, there could be two factors which
cause the real tidal component of the geoelectric
field, i.e., i) earth-tide, ii) ocean-tide. Therefore, if
we assume that the effect of the geomagnetic varia-
tions were completely separated in this analysis as a
response (induced) component, ‘the tidal com-
ponents (S, S,, O,, M,)’ in Fig. 11 and/or Fig. 12
could be regarded to be due to the earth-tide
and/or the ocean-tide. As has been pointed out by
Morr (1989), S, is not contained in the ocean-tide.
Therefore, the fact that the significant amplitude of
‘S, exists in the tidal component of the geoelectric
field as shown in Fig. 11 and/or Fig. 12 implies one
possibility that ‘S,” thus obtained may be originated
from the earth-tide. The other possibility is that as
S,, K, and P, were not separated in this analysis,
the amplitude of ‘S, thus obtained could be at-
tributed to K, and/or P,. As K, and P, are con-
tained in both the ocean-tide and the earth-tide,
the tidal component, ‘S;’, in this case can not be
identified whether it is of the ocean-tide or of the
earth-tide origin. However, as I already mentioned,
the above assumption is not valid in this study.
Therefore, these arguments on the origin of the
tidal component ‘S,” would not be significant.

3. Discussions
3.1 Efficiency of the advanced associated data

As shown in IsHiGuro et al. (1984),
BAYTAP-G admits to use up to three kinds of as-
sociated data of which time is restricted to present
to past. Accordingly, only the previous associated
data are used usually as in this paper. As has been
already mentioned (OziMa et al., 1989), the
ABIC-value is greatly lowered by the use of the
Z-component besides X- and Y-component of the
geomagnetic variations as associated data. By
modifying the usage of BAYTAP-G, the author
tried to use the advanced associated data as well as
the previous data, and found that the ABIC-value
was further lowered. This was expected from
Mori’s method (OziMma et al., 1989) which uses both
the previous and the advanced associated data for
the estimation of the induced component. In Table
2, an example of the ABIC-values for a magneti-
cally disturbed (March, 1989) and a magnetically
quiet (April, 1989) intervals is shown. As can be
seen in this Table, in more disturbed interval, the
larger advanced number is needed to minimize
ABIC-value. In Fig. 13, it is visualized how the ir-
regular component is decreased by the use of the
advanced associated data for the same interval as
those in Table 2. One possible interpretation for
the fact that the advanced value of the geomag-
netic field has significant role on the estimation of
the present value of the induced component of the
geoelectric field would be that the influence of the
variation in the earth-current on that of the
geomagnetic variations is significant in this case.

3.2 Comparison of the tidal component at Aizu
region with those at Kakioka and Mito region
In order to examine the effect of the sea on
the geoelectric field variations, the author tried to
compare the tidal component at Mito and Kakioka
regions which are located comparatively close to
the seashore with that at Aizu region which is lo-
cated at inland. In Table 3, the amplitude of the
four constituents (S,(including P, and K)), S,
(including K,), O,, M,) of the tidal component for
the four regions are listed. In these cases, the three
(X-, Y-, and Z-) components of the geomagnetic
variations at Kakioka were used as associated data.
The amplitude of S, and S, varies with time as has
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Table 2 An example of the ABIC values at KSM-MTO for various com-
binations of lag numbers for the magnetically disturbed and quiet
Iintervals, respectively. The underlined numbers are the minimum

values.

March, 1989(magnetically disturbed). N=744

Associated | Lag number to | Lag number to the past(hr)
Data the future(hr) 5 6 7 8
XY) 0 2306 2392 2340 2367

X,Y.2) 0 2008 2077 2095
1 1704 1675 1694
2 1693 1663 1675
3 1693 1661 1667
4 1681 1658 1667
5 1685 1668 1674

April, 1989(magnetically quiet). N=744

Associated | Lag number to | Lag number to the past(hr)
Data the future(hr) | 5 6 7 8
(X,Y) 0 1312 1290 1280 1286

(X,Y,2) 0 1188 1175 1190
1 1045 1038 1057
2 1052 1050 1068
3 1061 1061 1079
4 1070 1074 1091
5 1089 1095 1112

been shown in Fig. 11 and Fig. 12, therefore, the
maximum and minimum values are listed in this
table. The amplitude of the ‘S, and ‘S,” at Numazu
region is extraordinarily large. This is because the
large amplitude of the cultural noises at Numazu
region is mostly periodic (mainly period of 24 and
12 hours), consequently they are delivered to the
‘tidal component’. Accordingly, for Numazu region,
it is difficult to estimate the value of the amplitude
of the constituents of the real tidal component.
Therefore, the amplitude of O, and M, of
NMZ-ATM in Table 3 is left in blank and Numazu
region was excluded from the discussion here.

As shown in Table 3, the ‘S and ‘S, at AIZ
1CH are exceptionally small compared with those
at KSM-MTO and KAK EW. As we have men-
tioned in 2.4, these periods are predominant in
both the geomagnetic and geoelectric variations and
the tide, therefore, we would be safe not to dis-
cuss here about these differences between
KSM-MTO, KAK EW and AIZ 1CH.

As Mori (1989) has shown, M, is faintly and O,
is not contained in the geomagnetic field, while
both are characteristically predominant in the

ocean-tide. Therefore, the amplitude of O, and M,
in the tidal component may give a measure of the
influence of the ocean-tide to the geoelectric varia-
tions. As shown in Table 3, the amplitude of O,
and M, at Aizu region is small by one order of
magnitude compared with that at Kakioka and
Mito region. However, this difference may not be
attributed simply to the difference in the distance
of the each region from the seashore, but should be
explained as follows. As the induced component is
almost separated in this analysis by the use of the
geomagnetic variations as associated data, and also
O, and M, is practically not contained in the
geomagnetic variations, the origin of the tidal com-
ponent (O, and M,) left here in the geoelectic
variations should be regarded as not induction but
conduction. This geoelectric variation of conduc-
tion-origin (tidal component (O, and M,) in this
case) is related with the earth-resistivity, i.e., it is
expected to become small where the earth-resis-
tivity is small. The fact that the amplitude of the
tidal component (O, and M,) at Aizu region is
comparatively small than those in other three
regions harmonizes with the contrast in the ap-



‘e]ep POIBIOOSSE SB pasn oiem ple)) oneubewosb ey jo Jueuodwod-Z pue ‘-A -X 8y} Jo
elep pobbe| pue peoueape yiog (o) ‘pasn eiem piey ansubewoeB sy jo Jusuodwoo-z pue ‘-A ~X eyl jo elep pebbe
(q) ‘pesn eiem pjoy opeubepwoeB sy jo Jueuodwoo-A pue -X oY} jo elep pebbe (e) -esuodses pue Jeuodwod

lepp ‘pues ‘yusuodwods Jeinbouy “9' ‘sjusuodwoo inoj o] OLW-WSH 1€ suojeleA ommoo|eoeb ey jJo uopesedes ¢| 614
6861
*3dv TYYH
0z 1) I 0z ot 1
I R I I I R T N T T T I T
eol- 1
IN
Y FERTY]
001
0ot~
IN
X HVH
© 001
E
3 0s- .
: HWAN : !
= ! BLH-NSH
0S
0s-
HW AR NAASAPASAAANNAAA e
el
0s
0s-
HWAN
ds3y
0s
eml.m
NI/ AN —~——
m aN3aL
0s
0s-
HWAH w o T o N L.,!(—w v TE N
w 93331
os
- 1] 1] L L} 1 1] 1 1} L} _ 1 1 1 1] L ’ 1 1] L} — ) 1 . 1 1 L] 1] L] L} - L} ’ 1] L} 1] 1] L} L} t — L} L} ) L} L] ) ) ] L} — 1] 1 1] 1 1] 1] 1] L}

38



39

Geoelectric Characteristics of Mito, Kakioka etc.

oot-
AN
001
001~
IN
001
ool-~
IN
001
0s-
HW AN
0s
0s-
HW AR

Z Wy

A MV

X NVX

OLH-HSH

gl

ds3y

ON3¥L

03941



40

()

E SONV/KN
Eso

NV/KH

)

-100

NT

100
-100

NT

100
-100

Ty

IRREG

g g
> >
z O x Q
[=3 w o nw o
0n 1 0n ] n
% 1
frreTTTTYY T e
(=] a -
z (3 -<
w [T1} a
o « lnd
= -

M. Ozima
z [
6 z
; o O
rrpr—re
o b3
o
z 4
1 <
= x
w0
=

=

x
<
=

~N

x
<
x

20

10

20

APR.

MAR.

1983



Geoelectric Characteristics of Mito, Kakioka etc.

Table 3 Amplitude of the tidal component of the four

41

observation lines. The

large amplitude of S, and S, for NMZ-ATM is due to the periodic

large noises.
Observation | Amplitude of the Tidal Component (mV/km)
Line . | §1(P1,51,K1) 852(52,K2) O M,
KSM-MTO 02~29 1.0~ 4.6 0.9 0.7
KAK EW 0.3~ 3.5 1.7~ 72 1.4 0.6
NMZ-ATM 6 ~31 4 ~20
AlIZ 1CH 0.04 ~ 054 0.08 ~0.62 0.17 0.18
. . KSM- MTO ,,1989
parent resistivity within these four regions as shown T hour
below. Consequently, in this case, the effect of the ‘e _ 2412 6 43 2
ocean-tide on the geoelectric variations could not N oM
be derived just from the amplitude of the tidal ;1.2 x F
component. E ": J
T 10
3.3 Homogeneous earth model and apparent resis- t
tivity § 08 1
If we assume a homogeneous earth, the ratio, .
| E/H | should be simply proportional to the in- 08 X
verse of the square root of the period, T. That is, ‘3 M
Z 04
| E/IH | e (UT)", : J
02 .
where E and H is the geoelectric and geomagnetic . .
field, respectively, both fields being orthogonal to 02 04 06 _; 08
each other. This ratio, | E/H | may be regarded as AT hour
Fig. 14 Amplitude factors at KSM-MTO for the X-

the similar property as the amplitude factor for the
X- and Y-component of the geomagnetic variations
derived by the analysis with BAYTAP-G.
Takavyama and Mori (1987) reported that the
predominant direction of the variation of the
geoelectric field at Mito region is in NW-SE and an
induction by the Y-component as well as by the
X-component of the geomagnetic variation existed
in the geoelectric variations at KSM-MTO of which
direction is almost in E-W. This implies that the
electro-magnetic structure at this region
heterogeneous and/or anisotropic. Similar resuit as
Takavama and Mori (1987) was obtained in this
study. Fig. 14 shows some examples of the
amplitude factor at KSM-MTO for the X- and
Y-component of the geomagnetic field in relation
with (1/7)" for three intervals of January to March,
1990. It can be seen from this figure that the
amplitude factor is not proportional to (1/7)'* for
the whole period range but is proportional only for
the period range of about 3 to 12 hours for the

is

region. and

and Y-component of the geomagnetic
variations with respect to (1/71)" or T for
the intervals of January (square), February
(triangle), and March (circle), 1989.
T:period (hour).

X-component of the geomagnetic variations. The
amplitude factor for the Y-component of the
geomagnetic field is not also proportional to (1/7)?
and changes by month-to-month for the whole
period range.
homogeneous earth model is not applicable to this

These facts indicate that

are consistent with the result by

Takayama and Morr (1987).
Takavyama (1992) has reported impedance ten-
sors for periods of 5.3 to 1920 minutes with the use
of the magneto-telluric method at Mito region using
the same geoelectric and geomagnetic data as those
in this report. The author simply derived Cag-
niard’s apparent resistivity, 2 (Q +m) from the
relation, p=0.2 T|E/H|? using the average

the
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Table 4 Amplitude factor and apparent resistivity at Mito, Kakioka, Numazu,
and Alzu regions for the period of 86400 and 21600 sec (24 and 6

hours).
Observation | E/H (mV/km/nT) p (-m)

Line T=2dhr T=6hr | T=24hr T=6hr
KSM-MTO 0.22 0.60 850 1600
KAK EW 0.34 1.0 2000 4300
NMZ-ATM 0.45 0.88 3500 3300
AlIZ 1CH 0.034 0.10 20 43

values of the amplitude factor for the X-com-
ponent of the geomagnetic variations as | E/H |
for the periods of T=86400 and 21600 sec. The
values are listed in Table 4. The apparent resis-
tivity thus obtained at Mito region showed similar
values as those by Takavama (1992). The author
confirmed that the predominant direction of the
variation of the geoelectric field at Aizu region is
similar to that at Mito region. The amplitude fac-
tor and the apparent resistivity at AIZ 1CH differ
distinctly from those at other three regions, which
are almost similar to each other.

and YokoucHr (1965) and
YanaciHAaRA (1965) have reported in detail the
geoelectric characteristics at Kakioka, comparing
them with data at the eastern area of Kanto-plain
near Kakioka. The result shown in Table 4 that the
apparent resistivities obtained in this study at Mito
and Numazu regions are close to that at Kakioka
implies that the geoelectric situations of these two
regions are similar to that at Kakioka. On the other
hand, the apparent resistivity at Aizu region dis-
tinctly differs from and about 1/100 as small as that
at Kakioka. This is consistent with the result that
the amplitude of the tidal component at Aizu
region is small by about one order of magnitude
compared with those at other three regions.

As hourly values of the geoelectric variations
were used as the inducing field in this study with
BAYTAP-G, we are concerned here with the
period of more than two ~ a few hours. Taking
into account this large period, apparent resistivity
thus obtained here could be regarded not to be
controlled by the electric fine-structure near the
surface, and the actual skin-depth of the
electromagnetic field discussed here could be es-
timated to be more than a few tens kilometers. As
alrecady mentioned, at Aizu region the apparent
resistivity thus obtained is distinctly low, i.e., 20 to

Y ANAGIHARA

50 Q -« m. This could be interpreted in such a way
that the actual resistivity around a few tens
kilometers depth at Aizu region is possibly low,
rather than we interpret to be due to the geology of
Aizu-basin which consists of sediments. The pos-
sibility of the existence of the low-resistivity deep
layer at Aizu region reminds us of the two-dimen-
sional models of resistivity in north-eastern and
central Japan proposed by Ocawa (1987) and
UTtaDA et al. (1986), respectively, which suggesting
the existence of a conductor in lower crust whose
depth ranges from 20 to 30 km.

3.4 Seasonal-variation of the amplitude factors of
the frequency response when the three com-
ponents of the geomagnetic field were adopted
as associated data
As already have been shown in Fig. 5, when

the Z-component of the geomagnetic variations is

added to the associated data to which response is
taken, the amplitude factors display considerably
large seasonal variation in the shorter period range,

i.e., the amplitude factor for the X-/Z-component

of the geomagnetic variations becomes small/large

in winter and large/small in summer season. This
variation is characteristic in the very short period
range. In order to indicate the detailed feature of
the anti-correlation of the two amplitude factors,
those with respect to (1/7)" in the two cases

(where the Z-component of the geomagnetic varia-

tions was used and was not used) are compared in

Fig. 15 and 16 for the intervals of March and July,

1987, for examples, respectively. These figures and

Fig. 14 distinctly show that when the Z-component

of the geomagnetic variations was not used, the

amplitude factor for the X-component of the
geomagnetic variations does not so much vary
seasonally or by month-to-month in the period
range of about 3 to 12 hours, while that for the
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Y-component of the geomagnetic variations does
display such variations regardless of the use of the
Z-component of the geomagnetic variations. By the
joining of the Z-component of the geomagnetic
variations, in March (winter), the amplitude factor

(b)
Jul. + hour
24 12 6 4 3 2

1987

Factor
o
1
x
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Amplitude
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/T

g. 16 Similar representation of the amplitude factor in July, 1987.

for the X-component of the geomagnetic variations
is drastically lowered in the shorter period range,
being maximum around 7=5~6 hours. In such an
interval, contrary to the above mentioned

behaviour, the amplitude factor for the Z-com-
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ponent of the geomagnetic variations becomes large
in the shorter period range. On the other hand, in
July (summer), the effect of the Z-component of
the geomagnetic variations to the amplitude factor
for the X-component of the geomagnetic variations
and also the value of the amplitude factor for the
Z-component of the geomagnetic variations itself
are small. Fig. 15 and 16 also show that the
amplitude factor for the Y-component of the
geomagnetic variations is not so sensitively affected
by the use of the Z-component at all seasons, but
its sense of the seasonal variations is same as that
of the Z-component of the geomagnetic variations
in the shorter period range.

These characteristic behaviour shown in Fig.
15 and 16 (also in Fig. 5) could be interpreted as a
resuit of the familiar fact that the three com-
ponents of the geomagnetic variations are not
completely independent with each other. Fig. 15
and 16 imply that the coherency between the X-
and Z-component of the geomagnetic variations is
large in winter season at shorter period range.
Moreover, it is suggested that especially in winter
season at shorter period range, the coherency of

M. Ozima

the geoelectric variations to the Z-component of
the geomagnetic variations is larger rather than that
to the X-component of the geomangetic variations.

In order to support the above arguments, the
author tried to examine coherencies between the
geoelectric variations and the three components of
the geomagnetic variations, and also between the
Z-component and the other two components of the
geomagnetic variations. Fig. 17(a) shows the par-
tial coherencies of the geoelectric field variations at
KSM-MTO to each X- and Y-component of the
geomagnetic field for an interval of March, 1987.
In the case of the additional use of the Z-com-
ponent of the geomagnetic field variations, those to
each X-, Y- and Z-component of the geomagnetic
field variations are also shown in Fig. 17(b).
Similarly as Fig. 17, the partial coherencies for
another interval of July, 1987 in the two cases are
shown in Fig. 18(a) and (b). Fig. 19 shows the
partial coherencies of the Z-component of the
geomagnetic variations at Kakioka to each X- and
Y-component of the geomagnetic variations for the
same intervals as those in Fig. 17 and 18 (OziMa,
1995). These results in Fig. 17, 18 and 19 seem on
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the whole to support the above arguments on the
characteristic behaviour of the seasonal variations
of the amplitude factors.

This characteristic behaviour of the amplitude
factor was observed at Mito, Kakioka and Aizu
regions as shown in Fig. 5, 7 and 8, and supposed-
ly at Numazu region. The origin of this charac-
teristic behaviour of the amplitude factor obtained
in this study, as well as that of the seasonal varia-
tions in the coherency within the three components
of the geomagnetic variations could not be
interpreted on the basis of geophysics in this study.
However, it could be essentially related with the
characteristics of the geomagnetic variations at
Kakioka of which geomagnetic data were used as
associated data for the four regions throughout this
study. The author has tried to separate the purely
independent component included in the Z-com-
ponent from the X- and Y-component of the
geomagnetic variations using BAYTAP-G, but this
separation turned out not to be useful to acquire
any geophysical interpretation. Further, with rela-
tion to this problem, the author has examined the
transfer functions using hourly values of the
geomagnetic variations at Kakioka (Ozma, 1995).
Again, this was not fruitful. Finally, the author
would like to leave this unsolved problem to the
future.
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