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Abstract

Phase velocities of Rayleigh waves for various regions in Japan
have been determined by Aki and Kaminuma. In the present study,
their results have been analyzed on the basis of the crust-mantle
structures derived by the gravity indications.

The thickness of the intermediate layer, i. e. a layer just beneath
the Moho discontinuity with comparatively low compressional wave
velocity, has been examined.

The fitting of the theoretical dispersion curves to the observed
data indicates either that the intermediate layer is thickest in the
central mountain area, or that the shear velocity is very low in the
layer in this area. In western Japan the intermediate layer appears
to be slightly thicker than that in eastern Japan. The average
thickness of the intermediate layer may be 40km in Japan.

The lower phase velocity in central Japan can be explained by
the increase in Poisson’s ratio in the intermediate layer. The required
increase in Poisson’s ratio due to the temperature effect may physi-
cally be probable, though it has not been well established by laboratory
experiments.

1. Data

The phase velocity of Rayleigh waves from the Samoa Shock (1957)
and the Aleutian Shock of March 9, 1957 has been analysed by AkiY,
and Kaminuma and Aki®?. They have obtained the phase velocities of
Rayleigh waves for various regions in Japan and also the average value
for Japan. Their results are summarized in Table 1 and Table 2 (see
also Fig. 1 and Fig. 2). This data will be adopted in the present analysis.

* Communicated by T. HAGIWARA.
1) K. AX1, Bull. Earthg. Res. Inst., 39 (1961), 255.
2) K. KAmINUMA and K. AKI, dbid., 41 (1963), 243.
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Table 1. The values of phase velocity C in various regions
in Japan. (After Kaminuma and Aki)

Region

i Wave No. Period \ C km/sec

1 37.0 sec 3.710.25

2 29.6 | 3.65+0.07

. S. Hokkaido 5 3 25.8 | 3.58+0.08
5 23.8 | 3.42+0.05

7 22.0 { 3.42+0.18

i 1 37.2 ; 3.83+0.03

r 2 29.1 g 3.64+0.08

. Shinetsu 3 25.2 i 3.59+0.09
5 23.2 | 3.58-+0.05

‘ 7 22.1 | 3.46:0.98

1 36.3 ; 3.88+0.03

2 28.2 ‘\ 3.60+0.06

. N. Kanto 3 25.3 J 3.57+0.08
: 5 23.7 : 3.53+0.02

| 7 21.6 1 3.55+0.29

1 1 35.4 3.84+0.05

; 2 28.6 3.76+0.07

. S. Kanto | 3 25.9 3.63+0.06
| 5 23.9 3.50=0.09

i 7 21.4 3.33+0.09

| 1 40.1 3.54-0.09

| 2 29.9 3.67+0.10

. Chubu 3 26.7 3.61+0.08
5 24.0 3.54=+0.12

7 21.9 3.62+0.17

| 1 38.3 3.86+0.19

i 2 30.8 3.54=+0.10

. Hokuriku | 3 26.2 3.46+0.07
5 23.7 3.41+0.14

7 21.9 3.26+0.16

1 39.0 3.91+0.20

2 30.6 3.7240.10

. Kit 3 26.7 3.70+0.08
5 24.1 3.7240.10

7 21.9 3.54:0.07

, 1 41.3 3.78+0.11

2 32.1 3.72+0.06

. Chugoku 3 27.4 3.76+0.09
5 | 24.8 3.65+0.10

7 ; 23.0 3.61+0.15

1 40.2 3.72+0.13

2 ; 31.4 3.74+0.04

. Shikoku ; 3 26.8 3.64+0.08
i 5 24.4 3.74+0.05

| 7 ‘ 23.2 3.70::0.07

| 1 40.8 3.79:£0.09

i 2 1 32.7 3.82+0.06

. Bungo ! 3 5 28.2 3.72+0.07
3 5 t 25.3 3.64+0.17

\ 7 23.3 3.60-0.31
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Although the probable errors
in the values of the phase velocity
are considerably large for each
region, particularly for the waves
No. 1 and No. 7, still we can in-
terpolate the values of the phase
velocity with the period of 30 sec
with probable errors of about 0.05
km/sec. In Table 8, the interpo-
lated phase velocities of Rayleigh

Fig. 1. Division of stations into 10
groups; (after Kaminuma and Aki) 1. south-
ern Hokkaido; 2. Shinetsu; 3. northern
Kanto; 4. southern Kanto; 5. Chubu; 6.
Hokuriku; 7. Kii; 8. Chugoku; 9. Shikoku
10. Bungo.
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Table 2. Average phase velocity
in Japan except south Hokkaido.
(After Kaminuma and Aki)

Wave No. \ Period \ C km/sec
1 38.3 sec 3.79+0.04
2 30.3 3.69+0.03
3 26.4 3.63+0.03
5 24.1 3.59+0.04
7 22.1 3.52£0.05

Fig. 2. Division of stations into 6 groups;
(after Aki). 11. eastern Tohoku; 12. west-
ern Tohoku; 13. south-western Kanto; 14.
Chubu; 15. Kinki; 16. south-western Japan.

Table 8. The phase velocity of Rayleigh waves with a period of 30sec
(after Kaminuma and Aki) and the crustal thickness derived
from the gravity analysis (Kanamori) for
various regions in Japan.

g

Region ‘ C(T=30sec) Elevation  Crustal thickness
1. S. Hokkaido 3.65 km/sec. 229m \ 30.6 km
2. Shinetsu 3.65 243 ‘ 29.6
3. N. Kanto 3.65 669 30.1
4. S. Kanto 3.78 173 30.1
5. Chubu-1 3.67 860 34.6
6. Hokuriku 3.55 231 31.2
7. Kii 3.72 391 30.3
8. Chugoku 3.74 217 30.6
9. Shikoku 3.71 —16 29.6
10. Bungo 3.76 133 31.9
11. E. Tohoku 3.77 283 25.6
12. W. Tohoku 3.76 365 28.8
13. S. W. Kanto 3.56 553 32.5
14. Chubu-2 3.45 953 33.9
15. Kinki 3.75 274 31.4
16. S. W. Japan 3.72 158 31.3
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waves with the period of 30 sec for each region are tabulated. The
values determined by Aki® are also included in Table 3 (No. 11~16).

2. Amnalysis

For the interpretation of the phase velocity data, it is necessary to
have a starting point where the theoretical dispersion curves for erust-
mantle models are known. For the

H;—%JTWM %%;Vm”/—s'ec crustal' model, we have% adoptefi,
according to the analysis made in

i 80 0=0.27 6.0 =027 Part 2 of this study”, the strue-
H; 66 6.9 tures J-VI and J-VII as given by
- - Fig. 3 a, b. The difference be-
He:HiiH,=1:2:3 tween J-VI and J-VII models lies

Fig. 3. Crustal models J.VI and J-VIL «  ip the value of the velocity in
is compressional wave velocity, and ¢; Poisson’s

ratio. Layer-2. In both models the

Table 4. Layer parameters for J-VI-0, J-VI-1, I-VI-2, J-VI-4, J-VII-0,
J-VII-1, J-VII-2 and J-VII-4 models.

Layer a km/sec F km/sec p g/cm3 o - Thickness
Superficial 5.50 3.08 2.76 0.27 H;

1 6.00 3.36 2.76 0.27 H

2 6.60 3.70 3.00 0.27 H,
Intermediate 7.50 4.20 3.19 0.27 Hp
Normal Mantle 8.10 4.54 3.27 0.27 ; oo

Layer a km/sec 5 km/sec p g/lcm? I Thickness
Superficial 5.50 3.08 2.76 0.27 H;

1 6.00 3.36 2.76 0.27 H,

2 6.90 3.87 3.00 0.27 H,
Intermediate 7.50 4.20 3.19 0.27 Hr
Normal Mantle 8.10 4.54 3.27 0.27 oo

Model | HJH. HyH. | HJH.  Hi/H,
J-viL-o, J-vI-o | 1/6 36 . 2:6 0
JVILL, J-VIL 16 36 26 46
J-VII-2, J-VI-2 : 1/6 36 2/6 86 Ho=H,+ Hi+Hs
J-VII-4, J-VI4 1/6 36 2/6 co

3) K. AKi, loc. cit., 1).
4) H. KANAMORI, Bull. Earthq. Res. Inst., 41 (1963), 761-779.
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superficial layer has been assumed to be present allowing for the decrease
in the wave velocity of unconsolidated sediment. For the upper mantle
structure, we will introduce an intermediate layer whose thickness has
not been determined and will be taken as a parameter in the later
analysis. Varying the thickness of the intermediate layer H, from zero
to infinity, we will obtain crust-mantle models J-VI-0, J-VI-1, J-VI-2,
J-VI-4, J-VII-0, J-VII-1, J-VII-2 and J-VII-4 on which the ealeculation
will be based. The layer parameters for these models are given in
Table 4. The computations have been performed by a computer progam
developed by Takeuchi, Saito and Kobayashi® and also by the funections
Ax(o-p) ete. given by Kanamori®. The computed dispersion curves are

C km
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Fig. 4. Phase velocity dispersion curves of Rayleigh waves for crust-
mantle models J-VI-0, J-VI-1, J-VI-2 and J-VI-4. £ is the wave number and
H, is the total crustal thickness:(i. e. H.=H;+H;+ H>).

5) H. TAKEUCHI, M. SAITO and N. KOBAYASHI, Zisin, 14 (1961), 217, (in Japanese).
6) H. KANAMORI, Bull. Earthq. Res. Inst., 41 (1963), 781-800.
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Fig.5. Phase velocity dispersion curves of Rayleigh waves for crust-mantle
models J-VII-0, J-VII-1, J-VII-2 and J-VII-4. k is the wave number and H. is
the total thickness of the crust (i.e. H.=H,+H + H).

shown in Fig. 4 and Fig. 5 where the ordinate is the phase velocity C
and the abscissa 1/kH where % is the wave number and H.=H,+ H,+ H,,
the crustal thickness.

As can clearly be seen in Table 1, the observed phase velocity for
each region has probable errors of an appreciable amount and the direct
use of this data for deducing the crustal structure does not appear to
be legitimate. Therefore, we will take the average value of the regions
2,8 and 4 in Table 1 as a representative value for eastern Japan, that
of the regions 5 and 6 as the value for central Japan, and that of the
regions 7, 8, 9 and 10 for western Japan. The resulting average phase
velocities are tabulated in Table 5.
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Table 5. Average phase velocity of Rayleigh waves for southern Hokkaido,
eastern Japan, central Japan and western Japan.

Region ‘ Wave No. Period C km/sec.
southern Hokkaido 1 37.0sec. 3.71 km/sec.
2 29.6 3.65
3 25.8 3.58
5 23.8 3.42
7 22.0 3.42
eastern Japan 1 36.3 3.84
2 28.6 3.66
3 25.5 3.60
5 23.6 3.54
7 21.7 3.45
central Japan 1 39.2 3.70
2 30.4 3.60
3 26.5 3.52
5 23.9 3.47
7 21.9 3.44
western Japan 1 40.3 3.80
2 31.7 3.75
3 27.3 3.71
5 24.7 3.69
7 22.9 3.61

S- Hokkaido
E-Japan
Central
W-Japan
391 @ Average

T
40—

a b x O

20 25 30 35 4

0
0 10 E 3 i T sec

Fig. 6. Phase velocity curves of J-VI-0 model.
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Fig. 7. Phase velocity curves of J-VI-1 model.
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Fig. 8. Phase velocity curves of J-VI-2 model.

In Fig. 6, 7, 8 and 9, the dispersion curves for J-VI-0, J-VI-1,
J-VI-2 and J-VI-4 models, plotted with the phase velocity data given
above, are shown with the period T as the abscissa and the crustal
thickness H, as a parameter. In those figures the average phase ve-
locities in Japan which are given in Table 2 are included. Although
probable errors should be allowed for in the interpretation, it can be
said, at least qualitatively, that the phase velocity dispersion in central
Japan is in better agreement with the dispersion curves of J-VI-4 or
J-VI-2 model than with those of J-VI-0 and J-VI-1 models. On the
other hand, J-VI-0 or J-VI-1 model can explain the velocity dispersion
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Fig. 9. Phase velocity curves of J-VI-4 model.

in eastern Japan much better than J-VI-2 or J-VI-4 model. Similarly,
the velocity dispersion for western Japan and southern Hokkaido seems
to be well explained by the models which have the thicker intermediate
layer.

The crustal thickness in each area could be determined from the
above analysis provided one of the crust-mantle models is adopted for
each region. Although the thickness dotermination depends appreciably
on the model postulated, it can still be said from the above analysis
that the crustal thickness is about 32~85km for central Japan, 30~33
km for eastern Japan, 23~28km for western Japan and 30~35 km for
southern Hokkaido. These values are in general agreement with those
obtained by the gravity analysis made in Part 2 of this study allowing
for the comparatively large probable errors in the phase velocity data
and other uncertain factors involved in the thickness determination by
both gravity and surface wave studies.

The selective correspondence of the velocity dispersion in different
regions to the different crust-mantle models, and the plausible values of
the crustal thickness determined therefrom lead us to the conclusion
that the intermediate layer is very thick in the central part of Honshu
Island and also it may be comparatively thicker in western Japan than
in eastern Japan. In southern Hokkaido it could be thought, but with
less reliability, that the intermediate layer may be considerably thick.
The dispersion of the average phase velocity for Japan, except Hokkaido,
is in best agreement with the dispersion curve of J-VI-2 model having
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Fig. 10. Relation between the phase velocity with a period of
30 sec and the crustal thickness derived from the reduced Bouguer
anomalies (topographic height being allowed for). The number of
each point indicates the number of the corresponding region tabulated
in Table 3. Solid lines show the relation theoretically expected from
the crust-mantle models J-VI.0, J-VI-1, J-VI-2 and J-VI-4.

c

(&

Fig. 11. Similar relation as given in Fig. 10 for the crust-mantle
models J-VII-0, J-VII-1, J-VII-2 and J-VII-4.

a crustal thickness of H,=30km. This suggests that the average
thickness of the intermediate layer in Japan is about 40km. For com-
parison, if we take the mean value of the depth of Moho in Japan
determined from the gravity indications as shown in Table 4 of Part 2 of




Study on the Crust-mantle Structure in Japan 811

this study, the resulting mean depth is 29.8km (excluding Hokkaido).
This is highly consistent with the value of H, just obtained.

As an alternative approach to these facts, the relation between the
observed phase velocity with the period 7=80sec and the crustal
thickness H, determined by the gravity analysis (topographic height,
being allowed for) has been examined. In Fig. 10. and Fig. 11, the
points indicate the phase velocity and the crustal thickness for every
region given by Table 3, and the solid curves show the relation theoreti-
cally anticipated from the dispersion curves for various crust-mantle
models given by Fig. 4 and Fig. 5. It can be seen from Fig. 10 and
Fig. 11 that J-VI-0 and J-VII-0 models, which have no intermediate
layer, do not appear to be appropriate. Most of the points fall between
the curves of J-VII-1 and J-VII-2 models indicating that the thickness
of the intermediate layer is about 20~40 km almost everywhere in Japan.
It should be noted here that the points 6, 18 and 14 deviate appreciably, .
even from the curve of the extreme model J-VII-4. These points
represents the values for central Japan and it may be said that in these
regions the mean shear velocity in the intermediate layer should be
lower than in the rest of the area. The points 1, 2 and 3 also seem to
indicate either that the intermediate layer is thicker or that the mean
shear velocity in the layer is lower in these regions. These are quali-
tatively in good agreement with the previous results obtained from the
curve fitting of the dispersion data.

3. Intermediate layer

In the preceding section, an intermediate layer just beneath the
Moho discontinuity, in which the compressional wave velocity is taken
to be 7.5km/sec as suggested by the explosion studies, was assumed to
be present. The preceding analysis of the surface wave data has indi-
cated the thickening of the intermediate layer towards central Japan
(central mountain area) and also the presence of a thicker layer in
western Japan compared to that in eastern Japan.

However, as far as the surface wave study is concerned, it is not
always possible to discriminate a layer in which both the compressional
and shear velocity are low from one with a low shear velocity but with
a normal compressional wave velocity. Consequently, the intermediate
layer discussed above should be understood as a layer in which the mean
shear velocity is lower than normal, and little can be said as to the
change in the compressional wave velocity. In other words, a layer of




812 H. KANAMORI

high Poisson’s ratio with a normal compressional wave velocity has
approximately the same influence on the velocity dispersion of surface
wave as that of low compressional wave velocity with the normal
Poisson’s ratio. Merely for a conventional purpose, we have adopted the
latter model in the previous analysis but we can reasonably replace it by
the former or by a composite model.

In order to examine quantitatively the effect of the various elastic
parameters on the velocity dispersion of Rayleich waves, we have
calculated the inecrement 4C in the phase velocity C due to hypothetical
changes in the elastic parameters at various depths. The calculations
can be proceeded along the general lines of the method given by
Kanamori”. Although the crust-mantle model on which the caleulation
is based is not exactly the same as the one adopted in the present

005

e I

15 2 25 3 ) B <3 0

0.0%

T sec

Fig. 12. Increment 4C in phase velocity of Rayleigh waves
due to a hypothetical change of compressional wave velocity
da of 1km/sec..

The crust-mantle section is divided into four layers, 1, 2,
u, and [. Curve 1 due to the change in layer 1; Curve 2,
due to the change in layer 2; Curve u, due to the change in
layer u; Curve [, due to the change in layer [. Shear velocity
and density are kept constant.

7) H. KANAMORI, Bull. Earthg. Res. Inst., 41 (1963), 781-800.
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study, no appreciable error would result therefrom as demonstrated in
Reference 7). To examine the effect from layers at various depths we
have temporarily divided the crust-mantle model into four layers,
Layer-1, Layer-2, Layer-u and Layer-l. Layer-1 and Layer-2 would
correspond to the layers above and below the Conrad discontinuity so to
speak, and have a thickness of 20 km and 10 km respectively. Layer-u
and Layer-l have a thickness of 25 km and represent the upper and
lower half of the intermediate layer in the mantle. Fig. 12 shows the
phase velocity inecrement 4C in kilometers per second for the hypothetical
changes of 1 km/sec in compressional wave velocity in Layer-1 gay;

ACm
SEC
0.5
0.4 20km 1 B
(ac) |
(ap)e,!> ap 10 7
MOKO - 2
. 5 U e
0.3
%9 %
u
km
D=1
0.2
2 \9‘
0.1 !
\
\\\\‘1
[}
\\\2
Y20 30 3% 403 7

Tsee

Fig.13. Increment 4C in phase velocity of Rayleigh waves
due to a hypothetical change of 1km/sec in shear velocity.

Compressional wave velocity being kept constant. Curve
1, due to the change in layer 1; Curve 2, due to the change
in layer 2; Curve u, due to the change in layer #; Curve
1, due to the change in layer I.
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Layer-2, ja.; Layer-u, go,; and Layer-l, 4o, with the constant shear
velocity and density. Although the layer thickness is not taken uni-
formly, it could be seen that the effect of the change in the deeper
layers is very small compared with that in Layer-1. Then, we can
conclude that the value of the compressional wave velocity in the inter-
mediate layer has little effect on the phase velocity. In Fig. 13, similar
curves are shown for the changes in the shear velocity, the compressional
wave velocity and density being kept constant. It should be noted here
that, in contrast with Fig. 12, it is remarkable that the effect from the
deeper layers is very large for the waves with a periob of about 25~
40 sec. This shows that if the shear velocity is decreased dy 0.2 km/sec
everywhere within the intermediate layer, the phase velocity with a
period of 30 sec would be decreased by about 0.1 km/sec. The effect of
the shear velocity change is shown by alternative ways in Fig. 14 and
Fig. 15. In Fig. 15, it can clearly be seen that an increase by 0.04 in
the Poisson’s ratio in the intermediate layer would result in a decrease
of 0.1 km/sec in the phase velocity with a period of 30 sec.

With these results, it is of some interest to re-examine the results
shown by Fig. 10 and Fig.11. In these figures, the discrepancies between
the observed phase velocities in central Japan and the normal value
could be regarded as 0.05~0.2km/sec. From the above analysis, these
discrepancies can quantitatively be explained by a change in the Poisson’s

aC

‘5% (ac s

-0.05 3 U eCy J—

1
!

-0.07 <
15 20 25 30 35 50 45 50 T g

Fig.14. Increment 4C in phase velocity of Rayleigh waves
due to a change in Poisson’s ratio of 0.02. Curve 1, due to
the change in layer 1; Curve 2, due to the change in layer
2; Curve u, due to the change in layer #; Curve [, due to
the change in layer [.




Study on the Crust-mantle Structure in Japan 815

4C

km
SeC
0.4 I 1
3C'
(30()0-. %
20km 1 Al
0.')
y 10 2 a0
MOHD
2 u a0
1
0.2 25 1 a0

N
i
H\V/.

[
&

el
S
o
>
N

45 T sec

Fig.15. Increment 4C in phase velocity of Rayleigh waves
due to a change in compressional wave velocity 1km/sec with
constant Poisson’s ratio and density. Curve 1, due to the
change in layer 1; Curve 2, due to the change in layer 2;
Curve u, due to the change in layer w; Curve [, due to the
change in layer [.

ratio in the intermediate layer of 0.02 to 0.08. The Poisson’s ratio does
not appreciably depend upon pressure (Birch®), and its dependence upon
temperature has not been thoroughly investigated. But Poisson’s ratio
of the order of 0.835 does not appear to be physically improbable at
elevated temperatures.

Although the low compressional wave velocity in the upper part of
the mantle in Japan has been strongly implied by the explosion studies,
there may be no compelling reason for insisting either on its continuation
into the deeper part or otherwise. If the layer of low compressional
wave velocity were very thick it would yield regional negative anomalies
of appreciable amount in the gravity field, provided the fixed relation

8) F. BIRCH, J. Geophys. Res., 66 (1961), 2199.




816 H. KANAMORI

between p and « is assumed. However, in the central mountain area
where the intermediate layer has been suspected of being very thick,
negative gravity anomalies of excessively larger amount than those expected
from the topography and the crustal thickness are seen. At first sight,
this seems to be in favour of the model with the larger Poisson’s ratio
and the normal compressional wave velocity at the deeper part of the
intermediate layer. Yet, if there is an upward bulging of the Conrad
discontinuity increasing the mean crustal density, as in the mountain
regions in central Asia®, it might compensate for the mass deficiency in
the mantle without giving any excessive gravity anomalies. Thus, the
possibility of the continuation of the layer of low compressional wave
velocity into the deeper part beneath the central mountain area cannot
be ruled out.

Further detailed study without any more geophysical and laboratory
data would be premature.

4, Discussion and conclusions

In Part 2 of this study we concluded the presence of what might
be referred to as the Conrad discontinuity but whether it is a well
defined acoustic boundary or not is uncertain. The transition may be
rather gradual, but still it can be said that in the lower part of the
crust, the seismic velocity is about 6.5~7 km/sec and the mean density
of the crust may not differ appreciably from that of the continental
value.

The comparatively low compressional wave velocity in the upper
part of the mantle, suggested from the surface refraction studies, appears
to be significant. This low velocity, however, does not appear to be
representative for the entire vertical section of the upper mantle in
Japan.

From the surface wave data given by Aki®, and Kaminuma and
Aki™, the intermediate layer, which has been defined as one just beneath
the Moho with low compressional and shear velocities, appears to be
thicker in western Japan than in eastern Japan. Actually, it may be thickest
in the central mountain area. However, as mentioned earlier, other
solutions which are seismically equivalent to the model postulated above
may be possible. It could be said, with a certain degree of confidence,

9) G.P. WOOLLARD, J. Geophys. Res., 64 (1939), 1521.

10) K. Akxi, loc. cit., 1).
11) K. KAMINUMA and K. AKI, loc. cit., 2).
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that the upper boundary of the intermediate layer is acoustically well
defined as indicated by the rather distinet arrival of the refracted waves
from this layer, but whether its lower boundary is a sudden discontinuous
surface or a transitional zone is quite uncertain. The latter may quite
possibly be the case. What can most safely be said is that the average
shear velocity over forty or so kilometers of the vertical section just
beneath the Moho in the central mountain area is significantly lower
than the normal. .

The physical and geological properties of the intermediate layer still
remain uncertain. This layer may be one of peridotitic material partly
serpentinized or a peridotitic layer with the lower velocity gabbroic
material as suggested by Kuno®. A further possibility is the anomalous
increase in the Poisson’s ratio in this layer due to the temperature and
pressure effect. Laboratory experiments performed by Verma'® have
shown large elastic anisotropy of olivine crystals which could also be a
cause of low seismie velocity in the layer.

It should be emphasized that more laboratory experiments should
be performed related to the dependence of Poisson’s ratio on tempera-
ture and the elastic anisotropy with its temperature dependence. Study
of the distribution of the serpentinized peridotite in Japan would be of
much interest if the sampling could be properly made.

Appreciation is expressed to Prof. H. Takeuchi and Dr. S. Uyeda
for helpful suggestions and critical review of the manusecript.
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