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GMS-4 Observations of Volcanic Eruption Clouds from
Mt. Pinatubo, Philippines

Masami Tokuno*

Abstract

Visible and infrared imageries of the gigantic volcanic eruption clouds (VECs) from
Mt. Pinatubo, Philippines were taken on June 15, 1991 from 0540 - 0940 UT (Universal Time)
at one hour intervals by the geostationary meteorological satellite. These imageries were
studied and indicated the following features. A giant disc-shaped VEC showing a “wave”
textures appeared in the 0640 UT visible image and covered an area 300 km in diameter. The
cloud’s surface temperature was more than 10 °C greater than the tropopause temperature
(=—83°C). In addition, a small hot spot with a maximum temperature of —27 °C was located
at the center of the cloud, thereby indicating the cloud was injected into the stratosphere. This
cloud radially expanded against an easterly wind of 20 m/sec, spread out to an area 400 km in
diameter, and showed an increase in its surface temperature at 0740 UT. Furthermore, a higher
temperature area with several hot spots (=—30 °C) appeared in the surrounding the volcano,
thus indicating that the volcano’s activity continued. At 0840 UT the surface temperature
surrounding the volcano decreased, and the area having a surface temperature higher than
—60 °C further expanded up to 100 km upwind. This suggests that a radial flux of injected hot

material occurred after 0740 UT.
1. Introduction

Volcanic eruption clouds (VECs) have recently
gained much attention due to their significant influ-
ence on global climate and aviation safety. Many
volcanoes are remotely located and not easily
accessible, thereby making it difficult to monitor
VECs. As a result, satellite remote sensing is an

extremely useful tool to monitor volcanic activities.

The first Japanese geostationary meteorologi-
cal satellite (GMS) was launched in 1977, with this
and additional satellites subsequently providing
low-resolution multispectral imageries at 3 hr inter-
vals. Funada and Arai (1983) used GMS photo-
graphs to study the movement of volcanic ashes
from Mt. El Chichon, while Sawada (1987) used
GMS multispectral imageries to analytically study
the development and dispersal of eruption clouds
from 23 volcanoes.

In March 1987 hourly imagery became pos-

sible, however, few analyses have been performed
on VECs using this data.

This century’s largest volcanic eruption occur-
red in the Philippines on Mt. Pinatubo (15°07'N,
120°20°E, altitude: 1745 m, June 15, 1991), being
accompanied by gigantic VECs which were obser-
ved at 1 hr intervals using the multispectral imag-
eries from GMS-4.

The present study reports the results of an
investigation on the development of VECs using
GMS-4 hourly imageries obtained from 0540 - 0840
UT (Universal Time) on June 15, 1991.

2. VEC Visible Imagery Features

Figures 1 - 4 show a series of VEC visible
(VIS) imagery photographs taken at 1 hr intervals
from 0540 - 0840 UT on June 15, 1991.

The VECs in Fig. 1 (0540 UT) are character-
ized by a visible gray areca (A) and disc-shaped
clouds which appear in the center of LUZON

* Meteorological Satellite Center.
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island. The formation and dispersion of these
clouds repeatedly appeared in all the satellite imag-
eries taken on the morning of that day. Another
visible gray area (B) is shown as the fuzzy pattern
which is dispersing westward from the volcano.

In the next VIS image (Fig. 2, 0640 UT), a
remarkable disc-shaped VEC is observed, having
its center =220 km west of the volcano and extending
up to 300 km in diameter. A shadow (A) from the
disc-shaped VEC appears on the surrounding white
cloud as can be seen on the east edge of the VEC.
The top of the VECs (B), located west of the
center of the disc-shaped VEC, appear white due to
the reflection of sunlight on them. These VECs cast
shadows on the disc-shaped VEC, thus indicating
that they are at a higher altitudes.

One hour later (Fig. 3, 0740 UT), the disc-
shaped VEC further expands up to 400 km in diame-
ter. The white appearing tops of the VECs and
their shadows to the east are clearly observed as
they travel westward away from the volcano (A).

The last VIS image (Fig. 4, 0840 UT) shows
both further extension up to 600 km in diameter,
especially 200 km upwind from the volcano, and
also westward dispersion of VECs (A). White

areas (B) seen on the northwestern side of the
VECs and their shadows (C) on the southeastern
side indicate these VECs are at higher altitudes
than the disc-shaped one.

It should be noted that the textures of the VECs
are revealed by “waves” shown in the image which
result from the shadow and highlight effects caused
by the sun angle (Fig. 2, (C); Fig. 3, (B); Fig. 4,
(D)) . Figure 5 shows the boundaries of the disc-
shaped VEC obtained from succesive hourly VIS
imageries (Figs. 1 - 4). Figures 6 (a) and (b)
respectively show the distance between the volcano
and the edge of the VEC and the VEC'’s extension
speed when using Fig. 1 as a basis.

The initial extension of the VECs occurred
from 0540 - 0640 UT, and as expected, the largest
average velocity of this extension was on the vol-
cano’s westward side (47 m/sec), respectively foll-
owed by the southward (39 m/sec) , northward (25
m/sec), and eastward (22 m/sec) directions.

The next major extension occurred from 0640 -
0740 UT. In this case the largest average VEC
extension velocity occurred on the volcano’s east
side (=20 m/sec) , with all the velocities showing a
significant decrease.

Figure 5 Extensions of VEC boundaries obtained
from successive hourly VIS imageries

(Fig. 1 - 4)
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Figure 6 (b)

Figure 6 (a)

Figure 6 (a) Distance changes in the N, S, E, W directions between the volcano and the VEC boundary
shown in Fig. 5. (b) Same as (a) except chages in VEC extension velocity. At 0710 UT a heavy fall

of pumiceous lapilli occurred.

Form 0740 - 0840 UT the VEC further expand-
ed up to 50 km upwind with a velocity of 15 m/sec.

3. VEC Infrared Imagery Features

In the infrared (IR) images, IR radiances
emitted from the surface of the VEC were obser-
ved. The VEC surface is assumed to be a parallel
plane homogeneous cloud layer in an isothermal
atmosphere overlying a non reflecting lower bound-
ary. Sawada (1987) used GMS IR imageries to
investigate VECs and reported that the lowest VEC
surface temperature occurred at its origin, with the
temperature in the lee area being higher than the
origin’s because of the penetration of warmer tem-
perature from under the surface. This phenomenon
is generally considered to be applicable to VECs
occurring in the troposphere.

However, the highest temperatures in
Pinatubo’s VECs were contrastingly observed in the
vicinity of the volcano, thus it is believed that these
VECs were injected into the stratosphere.

Figures 7 - 10 show psudocolor IR imageries
taken at the same observation times as in
Section 2.

In Fig. 7 (0540 UT) the disc-shaped VEC is
coincident with the area enclosed by the —80 °C
isotherm (A), and has wave patterns (B) less
than —80 °C which appear east of the VEC.

The temperature of the dispersed VECs (Fig.
1, (B), and Fig. 7, (C)) is less than —80 °C and
is equivalent to that in the tropopause. An area
warmer than —70 °C (HT1) is observed in the
surrounding of the volcano. The warmest area
which is greater than —60 °C (HT2) is in the center
of HT1, whereas another warmer area (—60~
—70 °C) is observed in a fan-shaped disperesed
VEC (D) located to the far west of the volcano.

Figures 11 (a) and (b) respectively show the
air temperature, dew point, and wind speed at
LAOAG (18.2N, 120.5E) and LEGASPI (13.1N,
123.7E), being correspondingly located to the
north and south of volcano (Fig. 5). The tempera-
ture and wind speed at 100 mb (approximately in
the tropopause/=~16 km above sea level) are
about —83 °C and 20 m/sec. It is believed that at
temperatures less than —80 °C the VEC height is
equivalent to the tropopause, while HT1 and HT2
(>—80°C ) occur in the stratosphere. The heights

. S
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of HT1/HT?2 are measured at 18/21 km above sea
level using the assumption that the VEC tempera-
ture is equivalent to ambient temperature derived
from a vertical profile based on the tropical atmo-
sphere model (McClatchey et. al., 1972).

In Fig. 8 (0640 UT) the IR image shows that
both HT1 and HT?2 have extended to 3 times larger
than at 0540 UT. Furthermore, a new temperature
area appears greater than —50 °C (HT3) (maxi-
mum temperature of —27 °C), being located in the
center of HT?2 at a height of 23 km above sea level.

The next IR image (Fig. 9, 0740 UT) shows
the eastward extension of HT1, the rapid west-
ward extension of HT2, the westward dispersion of
HT3, and the increase of surface temprerature
surrounding the volcano. White VECs shown in the
0740 UT VIS image (Fig. 3, (C)) correspond to
the high temperature areas west of the volcano.
The volcano’s activity is considered to have
continued based on the appearance of a higher
temperature area having several hot spots
(=-30 °C) which surrounds the volcano (Fig. 9,

(A)).

The last IR image (Fig. 10, 0840 UT) shows
the westward dispersion of HT3, the decrease in
the surface temperature surrounding the volcano,
and the further eastward expansion of HT2. It is
interesting to note that higher temperature wave
patterns (—50~—60 °C) appear on the VEC’s east-
ward side (Fig. 10, (A)).

Figures 12 (a) - (c) respectively show the
hourly distance variations between the volcano and
the boundary isotherm of HT1 (—70 °C), HT2
(—60°C), and HT3 (—50 °C). It is important to
recognize that from 0740 - 0840 UT the extension of
HT?2 occurred in all directions (30 minutes after a
heavy fall of pumiceous lapilli was observed on the
ground) , especially up to 100 km upwind.

As compared to the dispersions of HT1 and
HTS3 this additionally suggests that a radial flux of
injected hot material occurred after 0740 UT.

4, Summary

Visible and IR imageries of the gigantic vol-
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Figure 11 Air temperature, dew point, and wind at (a) LAOAG (18.2N, 120.5E), (b) LEGASPI (13.1N,

123.7E), 00 UT June 15, 1991.
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Figure 12 Distance changes in the N, S, E, and W directions between the volcano and the isotherm
boundary of (a) HT1 (—70 °C), (b) HT2 (—60°C), (¢) HT3 (—50 °C).

canic eruption clouds (VECs) from Mt. Pinatubo,
Philippines were taken on June 15, 1991 from 0540
- 0940 UT at one hour intervals by the GMS-4
satellite. These imageries were studied and indicat-
ed the following:

1) A giant VEC showing “wave” textures appear-

ed in the 0640 UT visible image and covered an
area 300 km in diameter.

2) The largest average velocity of the VEC exten-
sion (47 m/sec) occurred from 0540 - 0640 UT was
on the volcano’s westward side.

3) At 0640 UT the surface temperature of VEC
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was more than 10 °C higher than the temperature of
tropopause (—80 °C), and a temperature area
(>—50 °C) with a small hot spot (a maximum
temperature of —27 °C) appeared at the center of
the VEC.

4) The height of the high temperature area
(>—50 °C) was =23 km above sea level.

5) The VEC radially expanded up to 400 km in
diameter against an easterly wind of 20 m/sec. An
increase in its surface temperature occurred from
0640 - 0740 UT, with several hot spots (=—30 °C)
surrounding the volcano being present.

6) At 0840 UT the VEC further expanded up to
600 km in diameter, especially up to 200 km upwind
of the volcano. The surface temperature greater
than —60 °C spread to 100 km upwind, whereas the
surface temperature surrounding the volcano de-
creased, thereby suggesting that a radial flux of
injected hot material occurred after 0740 UT.
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