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LIST OF TABLE

General characteristics of GMS.
Summary of volcanic eruptions which occurred in the field of view of GMS
during late-1977 - 1985 based on the SEAN Bulletin and the Bulletin of Volcanic
Eruptions. The activity stands for the intensity of explosive activity. G, M and
L denote occurrence of great, medium and small-sized eruptions, respectively.
Numerals denote the maximum height of eruption clouds by ground observation
in km and MAX means the highest altitude of eruption clouds in km of the
respective volcano in the year. - means absence of numerical data.
Observational data of eruption clouds from volcanoes detected by GMS images.
Latitude, longitude and altitude above sea level of each volcano are also shown.
Time is GMT. W (width), L (length) and DIR (drifting direction) of individual
eruption cloud are mainly measured on infrared image photographs. T and H
denote the lowest temperature (in °C) of the surface of eruption cloud and its
highest altitude above sea level (in km) estimated from air-temperature profiles
based on radio-souding data at nearby stations or atmospheric model by using
Tge values of GMS data.

%*: disturbed by atmospheric cloud, extent obscure owing to its thinness.

?: not certain whether it is eruption cloud or not.
( ): detached from volcano.
Annual number of volcanoes that erupted during late-1977 - 1985 in the field of
view of GMS and annual frequency and rate of eruptions that sent up eruption
clouds detected by GMS images. Number in parentheses denotes eruptions that
sent up eruption clouds higher than 4 km. GOOD means well detected eruption
cloud data without being disturbed by surrounding atmospheric clouds.
Horizontal moving velocity (Vec) and horizontal diffusivity estimated from
eruption cloud data and surrounding wind velocity (Vw). Tec means surface
temperature of eruption cloud used for this calculation.
Duration time (Time) and the maximum altitude of eruption cloud (Ht) of
individual eruptions at Soputan and Una Una volcanoes by ground observations
(OBS) and GMS image inspections and analyses (GMS).

Examples of estimation of thermal energy releases based on eruption cloud data
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Table 5-4

Table 5-5

at some volcanic eruptions. Grades of intensity of individual eruptions are
divided into two classes of large (L) and small (S) ones. Thermal energy release
rate (T. E. R.) and its mean value (Mean T. E. R) in mega watts, total of
duration time of individual eruption (Duration Time) in hours, total thermal
energy release based on eruption cloud data (Total T. E. R.) in erg, total volume
of ejected materials (Ejecta) in m?, estimated kinetic energy by ejecta (K. E.) in
ergs and thermal energy released by juvenile ejecta (T. E.) in ergs are compiled.
Estimated thermal energy release rate (Q) on the basis of eruption cloud of
individual eruptions at Soputan and Una Una volcanoes by applying the method
proposed by Briggs (1969) . Ah, u and x mean cloud-altitude above the crater,
surrounding wind velocity and horizontal distance used for the calculation,
respectively.

Summary of mean thermal energy release rate (Mean T. E. R.), total thermal
energy (Total T. E.) based on eruption cloud data, total volume of ejecta (Ejecta)
and thermal energy (T. E.) by ejected materials of the 1982 and 1984 Soputan
Eruptions and the 1983 Una Una Eruption.

Height of eruption cloud above the crater (Ah), the surrounding wind velocity (u)
and horizontal distance from the crater (x) used for calculation of thermal

energy release rate (Q) in the 1984 Mayon Eruption.
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Fig.

2-1

2-2

3-1

3-3

LIST OF FIGURE

Field of view of GMS and distribution of active volcanoes (solid circles) within

the field of view encircled with bold line for this study.

Volcanoes which erupted during 1977-1985 within the field of view of GMS
shown by bold line in Fig.1-1. Larger solid circle denotes volcano from which

the eruption cloud rose higher than 4 km above the crater.

Locations of volcanoes from which eruption clouds were detected by GMS
images. Larger solid circles signify that good eruption cloud data were obtained

without severe disturbances by surrounding atmospheric clouds.

Air-temperature profiles at three regions : polar region for winter and summer
seasons, middle-latitude region for winter and summer and the tropics proposed
by McClatchey et al. (1972) . These data were tentatively used in this study for
estimation of altitude of eruption clouds when radio-sounding materials around

the volcanoes were not available.

Surface temperature distribution of the eruption cloud data from Gorely-
Khrebet volcano at 09 GMT on December 21, 1984. Domain lower than -20°C

is shown, the lowest being -41°C.

Location of Alaid volcano indicated with a solid triangle. Solid circles denote
three radio-sounding stations that provided observational materials used for

estimation of altitudes of the eruption clouds.

3-4 (a)-(b)

Traced extent of eruption clouds from Alaid volcano in 1981 and 1982, detected
in GMS’s IR images. Eruption clouds are shown with solid lines in cases of

distinct extent and with dotted ones in cases of indistinct margins.
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3-5

3-7

3-9

3-10

3-11

3-12

Wind directions observed at three radio-sounding stations of Kljuci,
Petropavlovsk-Kamcatskij and Mys Vasil Eva, the locations of which are

shown in Fig. 3-1. Wind speeds are expressed with international notations.

Examples of surface temperature distribution based on IR digital image data
processing. The lowest temperature areas are shown with black portions in the

figures, and their values in Table 2-2.

Air-temperature profiles obtained by radio-sounding observations at Kljuci,
Petropavlovsk-Kamcatskij and Mys Vasil Eva stations from top to bottom
during the period from April 27 to May 2, 1981. T with dotted line denotes the

altitude of the tropopause.

Time variations of horizontal lengths (solid circles) along the long axes and the
maximum altitudes estimated (smaller open circles) of Alaid eruption clouds.
Black arrows denote the GMS image returning times when eruption clouds left

the location of the volcano in GMS images.

Approximate extent of Asama eruption clouds detected at 18 and 21 GMT on
April 25, 1982 (upper two figures) and at 18 GMT on April 7, 1983 (lower)

shown with solid and dotted domains.

Surface temperature distribution of the eruption cloud detected at 18 GMT on

April 25, 1982. Triangle denotes the location of Asama volcano.

Profiles of air-temperature, wind direction and wind speed expressed with
international notations, based on radio-sounding observation data obtained at

Tateno station at 12 GMT on April 25 and 00 GMT on April 26, 1982.
Time variation of the estimated maximum altitude of detected eruption cloud

{(upper) and the horizontal length (lower) of the 1982 April 25 Asama Eruption.

Solid circle and open one denote, respectively, that the eruption cloud was
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Fig.

Fig.

Fig.
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3-13

3-14

3-15

3-16

3-17

3-18

3-19

continuous from the location of Asama volcano and that it had left this volcano.

Black arrows denote the time when the eruption almost ceased.

Surface temperature distribution lower than +5°C (upper) and albedo
distribution (lower) greater than 18% of the Sakurajima eruption cloud domain

taken at 03 GMT on February 24, 1985.

Locations of Pagan volcano (solid triangle) and Guam station (solid circle),
which provided radio-sounding observation materials used for estimation of

altitude of detected eruption cloud.

Distinguished extent of detected eruption clouds of the May 1981 Pagan
Eruption. Solid line and dotted one mean a clear extent and relatively indistinct

one, respectively.

Surface temperature distribution of the first eruption cloud from Pagan volcano,
detected at 23 GMT on May 14, 1981. An open triangle indicates the location
of this volcano. The domain lower than 15°C around Pagan volcano is possibly

eruption cloud, and the one lower than 0°C is eruption cloud.

Surface temperature contours of eruption clouds from Pagan volcano taken at

00, 03 and 06 GMT on May 15, 1981.

Profiles of air-temperature, wind direction and wind speed expressed by
international notation, based on observation data at Guam radio-sounding
station at 12 GMT on May 14 and 00 and 12 GMT on May 15, 1981.

Time variations of the estimated maximum altitude (upper) and the maximum
horizontal length (under) of detected eruption clouds of the May 1981 Pagan
Eruption. Arrow denotes the time when eruptive activity almost decayed.
Smaller solid circles and open ones in the maximum horizontal length mean,
respectively, that the eruption clouds were cotinuous from the location of Pagan

volcano and that they had already left the volcano in GMS images.
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Fig. 3-20

Fig. 3-21

Locations of Mayon volcano (solid triangle) and CAB station (No. 98327, solid
circle) which afforded radio-sounding observation data used for estimation of

altitudes of eruption clouds.

Approximate extent of eruption clouds from Mayon volcano detected in GMS
images. It is pointed out by white arrows, while the dotted portion means

indistinct domain owing to surrounding atmospheric clouds.

Fig.3-22 (a)-(b)

Surface temperature contours of detected eruption clouds based on IR digital
image data. The portion of the lowest temperature is expressed by dotted area
with numerals denoting temperature in °C. Solid triangle indicates the location

of Mayon volcano.

Fig.3-23(a)-(c)

Fig. 3-24

Fig. 3-25

Fig. 3-26

Profiles of air-temperature, wind direction and wind speed expressed with
international notation, based on radio-sounding observation data at CAB

station.

Time variations of the estimated highest altitude (open triangle) , the maximum
horizontal length (open circle) and the maximum width (solid circle) of
detected eruption clouds. Solid line between respective symbols means that the
eruption cloud was continuous from the location of Mayon volcano and dotted
line bound to symbols with vertical bars denotes that the eruption cloud was
detached from the volcano. The individual vertical axes in km are shown with
letters H, L and W for altitude, length and width, respectively. T means the

altitude of the tropopause.

Location of Soputan volcano (solid triangle) .

Spreading eruption clouds outlined with solid line in case of a distinct domain

and dotted line for a relatively indistinct one, from Soputan volcano during the

1982 August and September Eruptions.
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Fig. 3-27 (a)-(c)

Fig. 3-28

Fig. 3-29

Fig. 3-30

Fig. 3-31

Fig. 3-32

Fig. 3-33

Surface temperature contours of eruption clouds from Soputan volcano taken at
06, 09 and 11 GMT on August 26, 1982. The coldest portions were shown with

hatched areas.Solid triangle means the location of this volcano.

Locations of radio-sounding stations (solid circles) which provided observation
data used for altitude-estimations of detected eruption clouds froni Soputan and

from Una Una volcanoes (solid triangles) .

Air-temperature profiles based on radio-sounding observation materials at No.
98836 and No. 96471 (see Fig. 3-28) in August 26-27, September 17-18 and
November 9-10, 1982.

Profiles of wind directions and wind speeds expressed by international

notations, based on observations at No. 98836 on August 26-27, 1982.

Time variations of the estimated highest altitude (cross marks by H axis) and
the longest length (solid and open circles by L axis) of the eruption clouds
detected during August, September and November, 1982, and May and
August, 1984. T means the altitude of the tropopause. Solid circles and dotted
ones with solid and dotted lines denote that the cloud was continuous from the
ldcation of Soputan volcano and that it was detached from the volcano,
respectively. Hatched portion and rectangle mean the top of eruption clouds
and the duration period of individual eruptions observed by the ground

observations, respectively.

Surface temperature contours in °C of the eruption cloud of Una Una volcano
taken at 03 GMT on August 2, 1983. The lowest temperature was -79°C.

Triangle means the location of this volcano.

Air-temperature profiles at 00 GMT and 12 GMT on July 23, 25-26 and 30 and
August 1-4, 6-7, 11-12, 22 and 26, 1983, used for estimation of altitude of Una
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Fig. 3-34

Fig. 3-35

Fig. 3-36

Una eruption clouds (see Fig. 3-28 for the location of radio-sounding stations) .

Profiles of air-temperature, wind direction and wind speed expressed by the
international notation based on radio-sounding observations at No. 96471

station (see the location of radio-sounding stations in Fig. 3-28).

Time variations of estimated highest altitude (cross marks with H axis) and
maximum horizontal length (solid circle and open one with L axis) of detected
eruption clouds from Una Una volcano during the period of July-August, 1983
Eruptions. T means altitude of the tropopause. Solid circles and open ones
denote that the eruption clouds were continuous from the location of Una Una
volcano and that they were detached from the volcano in GMS images,
respectively. Hatched portion and rectangle mean the highest altitude of
eruption clouds and the duration time of eruptions by ground observations,

respectively.

Location of Galunggung volcano (solid triangle) .

Fig. 3-37 (a)-(d)

Extent of eruption clouds from Galunggung volcano detected in GMS images
during the eruptions in April-October, 1982. They are outlined by solid lines for

distinct domains and dotted lines for indistinct ones.

Fig. 3-38 (a)-(b)

Fig. 3-39

Examples of surface temperature contours of eruption clouds by processing of
GMS IR digital image data. The coldest portions of the eruption clouds are
shown with hatched domains with individual numerals in °C. Triangle denotes

the location of Galunggung volcano.
Time variations of estimated highest altitudes (larger solid circles at upper side

with H axis) and longest horizontal lengths (smaller solid circles and open ones

with D axis) of detected eruption clouds from Galunggung volcano during the
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

3-40

3-41

3-42

3-43

4-1

4-2

4-3

4-4

eruptions in April-October, 1982. Black and downward arrow denotes the
estimated time of the end of an individual eruption based on the judgement of
its detachment from the location of this volcano, as expressed in open circle,
while smaller solid circle denotes that eruption cloud was coming from the

location of this volcano.

Extent of eruption clouds colder than +10°C coming from Sangeang Api

volcano. Solid triangle means the location of the volcano.

Surface temperature contours colder than +10°C of the eruption clouds detected
at 06 GMT and 09 GMT on July 30, 1985. The coldest portion was shown with

hatched area with numerals showing temperature in °C.

Surface temperature contour in °C of the Lopevi eruption cloud taken at 21
GMT on October 24, 1982. The coldest portion was -57°C. Solid triangle means

the location of Lopevi volcano.

Time variations of the highest altitude (upper solid circle with H axis) and the
longest horizontal length (lower solid circle with L axis) of the detected

eruption cloud from Lopevi volcano.

Profiles of horizontal moving velocity of spreading eruption cloud by the May
15, 1981 Pagan Eruption (horizontal rectangles) . Solid circles denote the wind

speed profiles based on the radio-sounding data at Guam station.

Estimated ascending velocities obtained by analyses of eruption clouds at Alaid,

Pagan, Soputan, Galunggung and Una Una volcanoes.
Time variations of the profiles of eruption clouds.
(a) Pagan eruption clouds during the May 1981 Eruption.

(b) Una Una eruption clouds during the August 1983 Eruption.

Surface temperature contours in °C of Pagan eruption cloud taken at 06 GMT
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

4-5

4-6

4-7

4-8

5-1

5-2

on May 15, 1981.

Time variations of the extent colder than -10°C of Pagan eruption clouds.

(a) 23 GMT on May 14-09 GMT on May 15, 1981
(b) 09 GMT-12 GMT on May 15, 1981

Time variations of the extent colder than -10°C of Soputan eruption clouds.

(a) 06 GMT-11 GMT on August 26, 1982
(b) 11 GMT-18 GMT on August 26, 1982

Time variations of the extent colder than -10°C of Una Una eruption clouds
during 21 GMT on August 1-09 GMT on August 2, 1983.

Time variations of isothermal domains of the spreading eruption clouds.

Rectangles denote duration periods of the individual eruptions.

(a) May 14-15, 1981, Pagan eruption cloud
(b) August 26, 1982, Soputan eruption cloud
(c) August 1-2, 1983, Una Una eruption cloud

Albedo in % v.s. suface-temperature in °C diagram for eruption cloud
expressed by solid circle with letter E and atmospheric cloud by open circle with
letter C, based on GMS’s digital image data in cases of the eruption clouds from

Alaid, Pagan, Soputan, Galunggung and Una Una volcanoes.

Relationship between thermal energy releases by eruption cloud (T.E.

(CLOUD)) and juvenile ejecta (T.E. (EJECTA)) for 9 eruptions as follows :

1. 1981 Alaid 2. 1981 Pagan 3. 1982 Asama
4. 1982 Galunggung 5. 1982 Soputan 6. 1982 Lopevi
7. 1983 Una Una 8. 1984 Soputan 9. 1984 Mayon

where the scale of the vertical and horizontal axes in this figure are values for

ten to the power in logarithmic scales.



Fig. 5-3

Fig. 54

Fig. 5-5

Fig. 5-6

Fig. 5-7

Surface-temperature in °C v.s. albedo in % relationship between the
Sakurajima eruption cloud (solid circle) and surrounding atmospheric cloud

(open circle) detected by GMS images.

Enhanced domains of the Sakurajima eruption cloud detected on November 14,
1979, on every 4 band images taken by LANDSAT MSS. Bold line means the
shore line. Solid line and dotted one denote the extent of enhanced margin and
bright-toned area of the eruption cloud, respectively. Numerals at the lower

portion mean relative values of radiation-brightness assigned to a range of 0-
127.

Upper . Comparison between radiation-brightness patterns of eruption cloud
(open circle), meteorological cloud (cross) and sea-surface (solid circle) in
LANDSAT MSS image taken on October 9, 1979. A

Lower : Comparison between radiation-brightness patterns of eruption cloud
(solid circle), forest area (open circle with FOREST), city area (open circle
with CITY) and sea-surface (open circle with SEA) in LANDSAT MSS taken
on November 14, 1979.

LEVEL means relative radiation-brightness assigned to a range of 0-127. The

eruption clouds in this figure are only the portions spread over the sea-surface.

Comparison between radiation-brightness patterns of various kinds of
atmospheric cloud (open circle), forest area (triangle), city area (cross) and
eruption cloud (double circle with CLOUD) and sea surface (solid circle) in
LANDSAT MSS image taken on October 9, 1979. The eruption clouds in this

figure are only the portions dispersed over the sea-surface.

Various radiation-brightness patterns of all of portions of eruption clouds
detected in LANDSAT MSS images taken on January 30, October 9,
November 14 and December 20, 1979, March 19, 1980, March 23, 1981 and
October 12, 1983.



Photo 3-1

LIST OF PHOTO

Eruption cloud-like image data from Sheveluch volcano in June, 1981. VIS
means visible image and others infrared ones. Plume-like images are pointed
out by white arrows in photographs and approximate outer extent is also shown

by tips of arrows in sketches shown by the picture data.

Photo 3-2 (a)-(d)

Eruption clouds from Kleuchevskoi volcano on March 4, 5, 7-9, 1980, and
January 14, 1985. They are pointed out with white arrows in photograph images
and with black arrows in attached sketches. VIS means visible image and

others are infrared ones.

Photo 3-3 (a)-(b)

Photo 3-4

Eruption clouds from Bezymianny volcano, detected intermittently during April
18-19, 1980, and October 14, 1984, in GMS images. They are pointed out with
white arrows in photograph data and with black arrows in sketches. Image data

are IR (infrared) data.

IR (infrared) image of eruption cloud detected at 09 GMT on December 21,
1984, from Gorely-Khrebet volcano, pointed out with white arrows and a black

one. The upper photograph is an enlarged one.

Photo 3-5 (a)-(p)

IR (infrared) images of eruption clouds from Alaid volcano returned on April 27
-May 3, May 7-9, May 15-19 and May 23-24, 1981. They are pointed out with

white arrows in photographs and with black ones in attached sketches.

Photo 3-5 (A)-(L)

Visible (VIS) images of eruption clouds from Alaid volcano on April 27-May 1,
May 3, May 8-9, May 16-20 and May 23-24, 1981. They are pointed out with

white arrows and black ones.



Photo 3-5 (M)

Photo 3-6

Photo 3-7

IR (upper) and VIS (lower) images of the eruption cloud from Alaid volcano

obtained on March 29, 1982, pointed out with white arrows.

Eruption clouds from Gareloi volcano in IR GMS image detected on September

16 and 17, 1980. The extent is pointed out with white arrows and black ones.

Eruption clouds detected in IR GMS images of the April 1982 Asama Eruption
(upper two images) and the April 1983 Eruption (lower). Their extent is

pointed out with white arrows and black ones, and also shown in Fig. 3-9.

Photo 3-8 (a)-(c)

Examples of detected eruption clouds from Sakurajima volcano in 1984 and
1985. They are pointed out with white arrows in photograph images and the
approximate extent with black ones in sketches. VIS means visible image and

others infrared ones.

Photo 3-9 (a)-(c)

GMS photograph images of detected eruption clouds of the May 1981 Pagan
Eruption. They are pointed out with white arrows in photographs and their
approximate extent with black arrows in sketches. VIS means visible image

and the others infrared ones.

Photo 3-10 (a)-(h)

Photo 3-11

Eruption clouds from Mayon volcano detected in GMS images during the
September-October 1984 Eruption. Eruption clouds are pointed out with white
arrows in photograph images and with black arrows in sketches. VIS means

visible image and others infrared ones.
Thin and small eruption clouds from Bulusan volcano detected in GMS images

during the 1980 Eruption. They are pointed out with white arrows in photograph

images and the approximate extent with black ones in sketches.

—P—ii—



Photo 3-12

Photo 3-13

Eruption clouds of the 1987 Eruption, detected in GMS images out of Dukono
volcano. They are pointed out with white arrows and outlined by solid or dotted

lines.

Eruption clouds out of Gamalama volcano during the 1983 Eruption. The extent
is shown at tips of white arrows in photograph images and outlined by solid or

dotted lines.

Photo 3-14 (a)-(h)

Eruption clouds from Soputan volcano detected in GMS IR images during the
August, September and November 1982 Eruptions. They are pointed out with
white arrows in photograph images and the domains are outlined with solid or
dotted lines in the sketches. The arrow outlined in black of the upper
photograph in (a) indicates the dispersed eruption cloud from Galunggung
volcano in Java Island which has been ejected by its eruption on this day. In (e)
-(f), and (h) of these photograph images, there are two kinds of white arrows

which point out different eruption clouds generated by successive eruptions.

Photo 3-14 (i)

Eruption clouds detected in GMS VIS images during the eruptions in 1982.

Photo 3-14 (§)-(k)

Eruption clouds of the May and August 1984 Eruptions of Soputan volcano
detected in GMS IR images. They are pointed out with white arrows and their
domains are outlined by solid or dotted lines with black arrows in attached

sketches.

Photo 3-14 (1)-(m)

Eruption cloud-like extent detected in GMS IR photograph images during the
May 1985 Eruption of Soputan volcano. They are shown with white arrows and

the approximate extent is outlined by dotted lines in the sketches.
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Photo 3-15 (a)-(1)

Eruption clouds from Una Una volcano detected by GMS IR images during the

. July-August 1983 Eruptions. They are shown with white arrows in the

photograph images and their extent is outlined with solid or dotted lines with

black arrows in the sketches.

Photo 3-15 (m)-(n)

Eruption clouds from Soputan volcano detected in GMS VIS images during the
July-August 1983 Eruptions. They are pointed out with white arrows and black

ones in photograph images and attached sketches, respectively.

Photo 3-16 (1)-(33)

IR photograph images of eruption clouds from Galunggung volcano 