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A case study of two eruptions of
Mount Galunggung and an
investigation of volcanic eruption
cloud characteristics using remote
sensing techniques

B. N. Hanstrum and A. S. Watson, Regional Office,
Bureau of Meteorology, Perth
(Manuscript received October 1982; revised March 1983)

Two violent eruptions of the Mt Galunggung volcano southeast of Djakarta resulted
in serious air safety incidents on 24 June and 13 July 1982. The eruptions were observed
using GMS-2 imagery. Enhanced infrared imagery reveals a signature for volcanic
cloud, similar to growing thunderstorms. These images are used to estimate cloud
top height and, in conjunction with upper wind streamline analyses, cloud movement

is monitored.

Introduction

On 24 June and 13 July 1982, Boeing 747 aircraft
were involved in separate encounters with volcanic
debris at high altitudes near Java, Indonesia while
on routine scheduled flights from Kuala Lumpur and
Singapore to Australia. Both aircraft suffered
considerable damage to wings and fuselage and
engines stalled as they became choked with debris.
Both were forced to make emergency landings at
Djakarta. .

The debris was concluded to have been produced
in separate eruptions of Mt Galunggung, an active
volcano in central Java. The volcano is located about
45 km east of the town of Garut, and some 180 km
southeast of Djakarta. It is approximately 2500 m
in height, and since early April 1982 has erupted
numerous times.

The significance of its activity was first
acknowledged on 5 April when a Garuda Airlines
DC-9 aircraft experienced volcanic debris related
problems during a routine internal Indonesian flight.
The eruptions which led to the incidents of 24 June
and 13 July appear to have been the two most violent
in the series to date.

The first incident occurred at approximately 1500
GMT on Thursday, 24 June. A British Airways
Boeing 747 en route from Kuala Lumpur to Perth,
Australia, flew into volcanic cloud 230 km south of
Djakarta, at its normal cruising level of 11.5 km.
Figure 1 shows its flight path. The aircraft became
aglow with ‘St Elmos Fire’, all four engines
malfunctioned and subsequently stopped, the cabin
filled with fine ash, cabin pressure dropped and the
cockpit windows were blasted opaque. Three of the
four engines were restarted. Inspection of the aircraft
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revealed heavy deposits of volcanic ash on engine
turbine blades, with fragments up to 5 mm in
diameter. Heavy abrasion of all leading edges of the
aircraft had occurred.

The second incident, at about 1300 GMT on
Tuesday, 13 July involved a Singapore Airlines
Boeing 747 on a flight from Singapore to Melbourne.
An emergency landing in Djakarta was completed
using only two engines. The Singapore Airlines

Fig. 1 Location map and flight path of British Airways
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aircraft encountered the dust and ash cloud in a very
similar area to the cloud which affected the British
Airways jet. Inspection of the aircraft showed very
similar damage.

This paper describes the methods and facilities

used by the Australian Bureau of Meteorology in the
detection, height estimation and subsequent tracking
of the volcanic clouds responsible.

Description of eruptiom clouds and
GMS radiometer

The 1982 eruptions of Mt Galunggung were observed'

by the Japanese Geostationary Satellite GMS-2,
located 35 700 km above the equator at 140° E
longitude. Satellite images of both occurrences were
particularly useful for showing the horizontal
expansion, upward growth and subsequent decay and
dispersion of the volcanic cloud mass. Viewed from
space, they appeared similar to large thunderstorms,
which also grow rapidly, form canopies and spread
out near the tropopause. Like thunderstorms, the
spreading canopies appeared very cold in the infrared
(IR) imagery. That they do appear cold seems
paradoxical, considering the tremendous amount of
heat in the form of pyroclastic material and hot gases
that are thrust into the atmosphere. Krueger and
Oliver (1980) suggest that the rapidly rising cloud
mass is undergoing expansion and entrainment of
colder environmental air, so that the outermost
portions are continuously mixing with the ambient
air, and quickly acquire a temperature close to that
of the environment. At any one time the ‘cloud
surface’, that part sensed by the satellite, can be
considered to be in equilibrium with the environment
with the interior remaining relatively hot. We also
assume here that the volcanic cloud mass radiates
as a pseudo black body, as assumed for water and
ice composed cloud masses. In reality, the emissivity
of silicates (the major contributor to volcanic cloud
pyroclastic material) is slightly less than that of a
medium thickness cumulus cloud, so the satellite
derived temperature for the volcanic cloud is colder
than the actual temperature. However, for our
purposes the black body assumption is adequate. The
radiometer aboard the satellite images the earth in
both the visible and infrared (10-12u) spectra, and
photographs are generally available in Australia at
three-hourly intervals. The IR resolution of the 24/25
June photographs is approximately 7 km at the sub-
satellite point, whereas the sectorised enhancements
used for the 13 July eruption have a resolution of
approximately 5 km in the infrared.

Unfortunately only routine enhanced IR
photographs were available for the 24 June eruption.
This enhancement shows an almost uniform
gradation through various grey shades from black
(warm lower surfaces approximately 30° C) to white
(cold high cloud approximately —80° C). However,
high resolution sectorised imagery was available for
the 13 July eruption. The advantage of this

enhancement is that the detailed temperature
structure of high cloud (colder than —22° C) can
be determined.

Evidence that clouds were of volcanic
origin :
Examination of GMS photographs leading up to the
time of each incident shows. on both occasions a lack
of significant cold (high) cloud over, or in the near
vicinity of, Java for at least twelve hours prior to
the events. However, some thin cirrus is evident on
13 July. Figures 2 and 3 show the eruption sequence
for both dates. The photographs for 18060 GMT on
24 June (Fig. 2(b)) and 1600 GMT on July 13 (Fig.
3(b)) show in each case a large cloud mass over
southwestern Java with cloud apparently extending
to the tropopause or even into the stratosphere. The
possibility of such cloud masses being associated with
cumulonimbus development is remote for several
reasons:

o The time of occurrence was at night, an
unfavourable time for convection over land.

o Streamline analyses from Darwin Regional
Meteorological Centre (Figs 4 and 5) show a non-
convergent northeast to southeasterly airflow at all
levels — the normal seasonal regime, which is
unfavourable for enhanced cumulus development.
(Note cumulonimbus activity over western Sumatra
on 24 June associated with proximity of monsoon
trough and orography.)

o Development of orographically triggered
cumulonimbus is unlikely since the low-level
easterly flow "is' quasi-parallel to the major
mountain ranges of Java (but not those of
Sumatra). ' :

It must be realised, however, that had there been

significant cumulonimbus development in the vicinity

of Java, the detection of volcanic cloud would have
been more difficult.

Estimate of cloud height from cloud top
temperatures

Information from Indonesia indicates that the
eruptions occurred at about 1500 GMT and 1330
GMT on the respective dates. The original eruption
on 24 June was first obvious on the 1800 GMT
imagery. Figure 2(a) shows the 1200 GMT imagery,
and the apparent lack of significant cloud colder than
—15° C in the vicinity of Java. Figure 2(b) shows
the imagery at 1800 GMT and reveals the rapid
development of a large cloud mass over western
Java, which was spreading to the west-northwest and
south-southwest. Because only routine IR
enhancements were available at the time, detailed
discrimination of temperatures of high cloud was not
possible. It can be seen from the 1860 GMT imagery
that the coldest and thus the highest cloud was at
the northeastern extremity of the cloud mass, very
close to the eruption site, which suggests that the
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Fig. 2 GMS enhanced IR images 24/25 June 1982.

0300 GMT 25 June

volcano was still erupting at this time. Radiosonde
observations from Djakarta for 0000 GMT on 25
June indicated a tropopause height of approximately
15 km and temperature of —75° C. The derived
cloud top temperature is colder than — 60° C which
indicates a cloud height in excess of 12 km. This
height is supported by the altitude at which the
British Airways aircraft encountered volcanic debris,
with the suggestion from the size of particles ingested
by the aircraft engines at that height that the cloud
may have been considerably higher.

Much more information can be gleaned from the
second eruption on 13 July, because two and three-
hourly specially enhanced imagery was available,
enabling greater discrimination of cloud
temperatures below —22°C. The 1200 GMT
photograph (Fig. 3(a)) again reveals the apparent
lack of convective activity of any significance in the
vicinity of Java, although there were areas of broken
cirrus cloud (minimum temperatures about — 50° C).
The 1600 GMT photograph (Fig. 3(b)) shows the
sudden appearance of a large cloud mass of
considerable vertical and horizontal extent. The
coldest cloud was again at the northeastern extremity
of the cloud mass and again in close proximity to
Mt Galunggung, which suggests that the volcano was
still erupting at the time. The enhanced imagery
indicates a temperature of the cold cloud of at least
—80° C and probably even colder. The Djakarta
temperature sounding at 0000 GMT on 13 July
showed a tropopause temperature of —78° C (15
km) which suggests a cloud height in excess of 15 km.

The intensity of the eruption can be gauged when
it is considered that in 2.5 hours the cloud had
developed vertically to at least 15 km and
horizontally over some 17 000 sq km. The cloud mass
was orientated both in a west-northwest (lower
warmer cloud) and a south-southeast direction
(colder cloud). This suggests a significant vertical
wind shear, this being confirmed by the attached
upper streamline analyses (Fig. 5). Subsequent
images show considerable expansion of the cloud

.mass. The 1800 GMT photograph indicates that

although the volcano was probably still erupting, it
had become less violent, with the area of coldest
cloud not as large. By 2100 GMT, the coldest cloud
had departed the area of the volcano, indicating a
significant reduction in intensity of the eruption. The
coldest cloud was now about —70° C. Note on the
0000 GMT imagery (Fig. 3(e)) the small circular
cloud mass in the immediate vicinity of Mt
Galunggung. This may indicate another less intense
eruption (coldest cloud about — 50° C suggesting a
maximum height of 11.5 km).

Cloud dispersion

Once the volcanic eruptions had been detected, the
resulting cloud masses were tracked using GMS
imagery.

Figures 4(a) to 4(f) show the streamline analyses
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Fig. 3 GMS enhanced IR images 13/14 July 1982.

1800 GMT 13 July
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Fig. 4 Darwin Regional Forecasting Centre streamline analyses 24/25 June 1982.
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at 1200 GMT 24 June. The winds over Java at
gradient level at this time were from east-niortheast
at less than 10 kn (5 m s') and winds backed
northeasterly at 20 to 25 kn'(10 to 13 m s™') towards
250 mb.

The 1800 GMT satellite photograph (Fig. 2(b))
shows the volcanic cloud streaming away to the
south-southwest, suggesting that the prevailing winds

at the level of the cloud canopy had a greater .

northerly component than indicated by the 250 mb
analysis. It is concluded that the major dispersion
was occurring above the 250 mb level.

The triangular shape of the volcanic cloud at this
time provides a valuable insight into the dispersion
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profile for the eruption. Near the volcano, where
pyroclastic concentration is high at all levels, the
lower (below 250 mb) cloud portion can be seen
advecting westward in the prevailing generally
easterly airstream. However, as distance from the
volcano increases, particle size and concentration at
lower levels decreases due to gravitational
winnowing. Only fine, low density ash can be
maintained within the cloud at high levels and hence
only the upper-level wind flow can be identified. The
distinctive vertical wind shear evident near the
volcano can no longer be detected.

A more detailed analysis of the dispersion of -
volcanic cloud can be carried out for the 13 July
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eruption, since enhanced high resolution imagery was
available.

Figures 5(a) to 5(f) show the wind analyses for
1200 GMT which indicate the ridge axis above 500
mb was lying approximately east-west along lat. 7°S,
with predominantly northeasterly flow north of the
ridge and north-northwesterly flow to the south.
Below 500 mb the seasonal southeasterly trade flow
was well established.

The 1600 GMT and 1800 GMT enhanced images
(Figs 3(b) and 3(c)) show the effect of vertical wind
shear clearly, with lower (warmer) cloud extending
northwestward from the volcano, and higher (cooler)
cloud streaming to the south-southeast. Between

Fig. S5 Streamline analyses 13/14 July 1982.

these times the downwind edge of the plume had
moved approximately 140 km southward. This
indicates a speed of movement of the plume ‘front’
of about 40 kn (20 m s!), significantly greater than
the observed wind speeds at 250 mb at the time (e.g.
1326 GMT aircraft report from just south of Java
on Fig. 5(c)). The wind speed at the canopy level is
therefore presumed to have been greater than that
at lower levels.

As previously mentioned, it is clear that by 2100
GMT (Fig. 3(d)) the coldest cloud was no longer
overlying the volcano. However, a significant area
of thick cloud and ash was still visible and was
advected southward under the influence of the
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