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Physical Consideratinos on the correction methods of wolumetric strain and tilt data for
the effects of atmospheric oressure change

Osamu Kamigaichi
Earthquake Prediction Information Division,,
Seismological and Volcanological Department, Japan Meteorological Agency

Physical interpretations of the empirical methods of crustal data correction for the effects
of atmospheric pressure change are given. '
A physical model for the response of the crust to atmospheric pressure change is proposed.

In this model, semi-infinite elastic half space corresponds to the crust, and axisymmetrical

vertical load on the surface correspbnds to atmospheric pfessure change.

Conclusions are as follows :

1. Physical adequateness of the linear equation correction method of volumetric strain data
for longer-period disturbances of .atmospheric pressure, such as longer than several minutes,
is ascertained by the model above.

2. Physical adequateness of the linear equation correction method of daily mean tilt data
for daily mean atmospheric pressure change can be explained by the relative magnitude of
representative space scale bet ween atmospheric disturbance and geographycal feature such as
the coast line. Inapplicability of this method to smaller-scale (shorter-period ) pressure
change is suggested by the model above, even if the pressure gradient is considered.
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fig. 2" {a) Vector map of displacement produced
by a positive load. Amplification is
arbitrary. A load function P(r) and
its differentiation dP(r)/dr are also
shown. Abscissa is radial distance r,
and ordinate is depth z both are
normalized by ro. Plotted ranges
of (r/ro) and (z/r19) are both
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fig. 2 (b) Contour map of volumetric strain
4. Values are normalized by (Py
/ &), and contour values are con -
binations of + (1.0, 2.0, 5.0, 8.0)
* 10743 3 3 Numerals assigned to
contous are contour values. For
details, see captions for (a).
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fig. 2 {c) Contour map of shear - strain in a
rz- plane e,.,. For details, see
captions for (a) and (b).
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fig. 2 (d) Contour map of rotation . For
details, see captions for (a) and (b).
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fig. 2 (e) Contour map of tilt of water-tube type
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fig. 2 (f) Contour map of tilt of vertical
pendulum type ty. For details, see
captions for (a)and (b).
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low atmospheric pressure near a sensor.
v is a migration velocity, To a
representative scale' of a low pressure.
z is a sensor depth, and ¢ is a collision
parameter (the minimum distance of
approach normalized by ry ). v is set
to 5 m/sec, and z to 100m.
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Relations between atmospheric pressure

change and strain response as time

series for various representative scales

of atmospheric pressure change rg .

The time of nearest approach corresponds

“to t=0, and plotted range of t is 0.0

~ 800.0 sec. .

Top : atmospheric pressure change

functions.

Bottom : strain responses.

Top functions are thought to be inputs

for bottom ones. Amplifications are

arbitrary.

(a} Top: atmospheric pressure, Bottom :
volumetric strain 4. 6 = 0.0
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{b) Top : pressure gradient in EW
direction, Bottom : EW component
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(c) Top : pressure gradient in NS direction,
Bottom : NS component of water-tube
type tilt ty. 6 =1.0

5 =00
dPdr-EW
30m [100m
300m [them
ty EW
Tkm[300m | Fm Okm{ 307 0k
= /%
—=
e I —
o
" I tisec)
800

(d) Top : pressure gradient in EW direction,
Bottom : EW component of vertical
pendulum type tilt ty. 6 =0.0
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(e) Top : pressure gradient. in NS direction,
Bottom : NS component of vertical
pendulum type tilt ty. 6 = 1.0
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fig. 5 (a) Relation between scale ratio (sensor
depth z / space scale of atmospheric
pressure rp) and half-value-width
ratio (that of volumetric strain /
that of atmospheric pressure).
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fig.5 (b) Relation between scale ratio (sensor
depth z / space scale of . atmospheric
pressure rg) and maximum value
ratio (that of volmetric strain /
that of atmospheric pressure )
normalized by Po/ % (1 —a)/ .
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