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I Introduction

We have been observed volcano eruption plumes with GMS and NOAA
satellites these several years. With the IR sensing of satellites
we obtained images of the distributions of the brightness tempera-
ture in the plumes and analysed them from aerological radio sound-
ing (raob) data and other data.

2 Plume surface temperature and plume dispersion

in a plume image the brightness temperature is of the plume
surface and is generally considered that an estimate of the plume
altitude can be obtained through the relationship between environ-
mental air temperature and height. In estimating the plume height
we should , however, consider +the effect of the atmospheric dif-
fusion in our case. The plume gets thinner at longer downwind dis-
tances, and in the satellite IR sensing it appears to get warmer in
temperature and hence lower in altitude.

This fact is presented in Fig. 1| regarding a large eruption
which occurred on Mt. Pagan (18.13N,145.80E) in the Central Pacific
on May 14 and 15, 1981. Fig.!l clearly shows the gradual increase of
plume temperature. This should not be due to the +true decrease of
plume altitude but to the dispersion. Hence, we have to use the
temperature sensed in the vicinity above the crater, as far as we
use the IR sensing for the altitude determination.

3 Plume temperature and height estimate

Mt.Mihara on Oshima Is., which is located about 100km south of
Tokyo, had a great eruption at 4pm, 21 November, 1986. The image of
plume three hours later,which was taken by the NOAA satellite(see T.
Sakata,et al.,(1986)),is illustrated in Fig.2.In this case the plume
temperature at distances of 30-50km was found to be 10-15C higher
than above the crater. This is similar to the case shown in Fig.l.

Raob data available from the Hachijo Is. and Tateno stations,
which are both about 200km away from the volcano, are shown in Fig.
3. In this figure, an observation of Mt. Fuji is given as a refer-
pence, which shows that the raob data obtained at the two stations
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are applicable to the plume of Mt. Mihara.

We compared a few IR plume temperatures near the crater with
the raob temperature and obtained plume height estimates ranging from
4,500 to 6,000m with an average of about 5,200m.

In addition we tested a climatological model profite of atmos-
pheric temperature. Since R. A. MacClatchey, et al.(1972), gave
models for summer and winter at middle latitudes, we averaged their
model profiles to arrive at an autumn profile, which is shown as
Model T in Fig. 3. This model gives an average plume height in the
order of 5,500m.

Thus it may be concliuded that the temperature method is used for
estimating the altitude within a difference of 1,500m or so through
either the raob or climatological profile.

4 Gradual ascent of an eruption plume

As seen in Figures 2 and 3,the drift direction of the Mihara plume
in the vicinity ahove +the crater coincided with +the raob wind
direction at nearly the same altitudes in the order of 5,000m as the
plume height which was estimated in the preceding section. At the
downwind distances of about 150km, however, the plume changed its
direction gradually toward the east north-east, which is in accord
with the raob wind direction at higher altitudes of more than 8,000m
in Fig.3.

This means that the eruption plume initially rose rather vrapidly
to altitudes in the order of 5,000m and then continued very gradually
to ascend while drifting farther. We should not conclude that the
plume loses its buoyancy completely during the initial rise. In Fig.3
there are no significant changes of the raob profiles from the alti-
tude of about 7,000 to 10,500m, but a significant singularity of wind
speed is seen at an altitude of about 10,500m. There is, hence, a
possibility that some material of the plume may have ascended as
high as 10,500m.

5 Use of parallax from the views of +two satellites

If two satellites view a plume simultaneously,the two images give
rise to a parallax of views, which would be used to determine the
plume altitude. In the plume case, however,it is not easy to identify
the same point of plume in the two images. In addition it can hardly
be expected +that two satellites observe a plume without any time
differernce. The parallax method, therefore, would not be accurate
to determine the altitude in our case.

Despite these restrictions we will give an example of parallax,
since the parallax observations in general have rarely been made. In
addition to the NOAA observation described in the preceding section,
the Mt.Mihara’s eruption was also observed by the GMS satellite an
hour earlier. In the GMS observation the plume image +touched on the
southernmost area of the Boso Peninsula shown in Fig. 2 and along
its eastern coast, which is very diferent Ffrom the NOAA image
clearly due to the parallax. This parallax would indicate that the
plume was present at an altitude in the order of 10,000m or more at
the downwind distance of about 150km.
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[t would be worthwhile to note here that, according to unofficial
information at the Japan Meteorological Agency,a weather radar at Mt.
Fuji detected the plume at an altitude of 10,500m or more. On the
other hand, however, a pilot of Japan Air Lines reported, with his
naked eye, a plume altitude of about 8,000m.

6 MHorizontal displacement speed of an eruption plume

With the use of the successive change in plume profiles as shown
in Fig.l,horizontal displacement speeds of plume at various altitudes
are obtained by observing the head of the downwind plume of the
contours at temperatures.In Fig.4 concerning the Pagan plume a broken
line shows the variation of displacement speed against the vertical
axis indicating the temperature which corresponds to the height of
the contour.

We should not conclude that the profile of the displacement speed
thereby obtained is entirely the same or similar to that of the wind
though the plume material moves with the ambient air. A solid line
in Fig.4 shows a wind profile observed at Guam Is. which is located
about 500 km south of Pagan.

The difference hetween the two profiles in this figure is charac-
terized by two facts as follows.

(1 ) Near the maximum altitude of plume,the displacement speed is
much slower than the ambient wind. This should be caused by the plume
dispersion as stated in section 2. the head of the plume at its high-
est becomes thin to the point of becoming invisible with the increase
in time and distance, and, consequently, the horizontal movement of
plume becomes slow in appearance.

(2 ) At lower altitudes the displacement speed is much faster
than the ambient wind. In order to explain this fact we have to con-
sider the time required for the plume to rise from the lower to high-
er altitudes. This plume rising takes a rather long time even in
the intial stage of the rise, the speed of which was found to be of
the order of Tless than 0.Im/s at the higher part of the plume. The
horizontal displacement of plume consequently starts earlier at the
lower altitudes,where some plume parcels lose their buoyancy. That is
the plume parcels at lower altitudes +{travel in advance and hence
appear to move faster. Thus it is worth noting +that the displacement
speed is equal to the wind at a height a little lower than the plume
top.

7 Thermal energy release through the rise in the plume

G. A. Briggs (1969) proposed a formula for the thermal energy
release through the rise in plume of a high power stack at an indus-
trial pltant, as follows.

0 =0.0264 « h¥%3 « u¥¥3 - x¥x(-2) ,
where Q is the thermal energy release rate in mega watts, h the plume
rise in meters above the stack top, u the mean wind speed in m/s and
x the horizontal diatance of plume in meters from the stack, and the
double asterisks indicate the power or exponent.

The above formula is derived under certain conditions which are
not generally applicable to the eruption plume. in addition,the sate-
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Ilite determination of h and u is very approximate, as stated in the
the preceding sections. As a trial for the distance x less than 100
or 150 km, however, we used the above formula to estimate the value
of @ with the use of h obtained from the satellite image and u esti-
mated from the raob data. Without the raob wind data, the fact on the
plume displacement, described at the last part in Section 6, would be
used in estimating the value of u. Concerning the eruption duration
we used information given from bthe sequential satellite observations
or ground reports, and obtained values of the thermal energy release
in the eruption plume ( Tpl ) at several volcanos.

For comparison we obtained wvalues of the thermal energy release
through juvenile ejected material ( Tej ), which are calculated by a

conventional method with the use of ground data, as described in V.

Sawada’s report(1987). Those values of Tpl and Tej have been plottied
in Fig. 5, in which the two kinds of energy release are surprisingly
well correlated with each other. The relationship between the two
quantities is expressed by the following equations( Erg in unit ).
Tej = 10%%2.92 « Tpl%%¥0.91
Tpl = 10%%(-3.21) = Tejk¥l.1

It should be noted here that these equations are not applicable
to some special volcanos such as those in Hawaii, Ilceland and others
in which a large lava flow is not usually accompanied with a great
eruption plume in their geological nature. Since such equations
as expressed in the above will be very important practically, we need
more satellite data for the verification.
8 Application to air navigation

With the increase of airliners service the eruption plumes have
heen reported to be big hazards to air navigation.There are many well
known active volcanos in the world,but some of them are not always
monitored by ground stations. In addition conventional ground observa
tions are especially not considered to be accurate in estimating the
plume altitude. Consequently the satellite observation is very useful
in monitoring eruptions in order to avoid aircraft damage. |t should
be stated here that, without the satellite monitor,there is generally
a big delay in the information on eruption in certain areas of the
world.

Reference
Briggs, G. A.,1969:Plume rise, AEC Critical Review Series, TID-250
75,U.S.Dept.Commerce, Natl.Tech. Inf. Service, Springfield,V.A.,1-81.

McClatchey, R.A., et al.,1972: Optical properties of the atmosphere.

(3rd ed.), AFCRL Envir. Res. Papers, 411, 1-108.

Sakata,T., K.Naito, et al., 1986: A preliminary analysis of remote
sensing image obtained for the eruption of Mt.Mihara on 21 November
1986, J.R.S.S.,vol.6,No.4,403-407,(in Japanese).

Sawada, Y., 1987: Study on analyses of volcanic eruptions based on
eruption cloud image data obtained by the Geostationary Meteorologi-
cal Satellite (GMS), Tech.Report, M.R.!.,No.22,1-335.

Vil-412



eLr-lA

aowme A 1981 MAY % ZIGMT
- B 1981 MAY 1S Q0
=== 1381 MAY 15 03

== — — ——eee() 1981 MAY 15 (6
) — \‘\ e £ 19B1 MAY 15 09
. - ~
oSN N
V™ ‘J ".\\ 2 \ e
y ", ~. ]
-“C \\ ‘y/— M Y
y R S
\ — e,
N MO e £
" N e
~. k N
.\ ‘-"—’%‘__“ \ﬁ.—
180 150 0 250 300 250 . £50 ;
DISTANCE > s ?&O

Time variation of eruption plume profiles at Pagan volcano.
The vertical axis indicates plume surface temperature sensed
with GMS satellite and corresponds to altitude. The horizon-
tal axis shows downwind distance of plume.
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Siv-lIA

PLUME CONTOUR

TEMPERATURE OF

Fig.

-80

-60

-40

=20 ~

00

ERUPTION PLUME AT PAGAN
(1981 MAY 1S, 00-03 GHT)

1 x 0
“x
T PLUME SPEED
\*'“’L*\,x OF DISPLACEMENT
1‘//
-1 *x
i
x
*
1]
*
A
] *
[
]
WIND SPEED
(GUAM,1981 MAY 15,00 GMT)
%k
]
‘ }
- *
\
T T T
0 5 10 15(H/8)
DISPLACEMENT SPEED
Profiles of horizontal displacement speed of Pagan

plume and wind speed atl Guam. Temperature at the
vertical axis corresponds to altitude.

10425 —— —_ — ‘
1 ALAID (1981) ’
2 PAGAN(1981)
o b 3 ASAMA(IS82) 4
4 GALUNGGUNG(1982) o
[ 5 SOPUTAN(382) 7 7
6 LOPEVI(1982) o
3L 7UNA UNAGe83)
~ e 8 SOPUTAN(984) 0% 1
i - 9 MAYON(1984) ° .
= 5 2
. 22F -
j=R - o
E—
21— -
104420+ -
i B\Tpl=(10*#(*&21))#(1‘8“#1.1)—
L L 1 [ L1 I
1020 21 22 23 24 10%%25
Tej (Erg)
Fig. 5 Relation between two kinds of thermal energy release. One is

energy through the eruption plume (Tpl) and the other through
Juvenile ejecta (Tej).



