The El Nifio-Southern Oscillation (ENSO)
is the result of a cyclic warming and cooling
of the surface of the eastern Pacific. This
region of the ocean is normally cooler than its
equatorial location would suggest, mainly
due to the influence of north easterly trade
winds, a cold ocean current flowing up the
coast of Chile, and the upwelling of cold deep
water off Peru.

At times, the influence of these cold
waters wane, causing the surface of the east-
em and central Pacific to warm up. This is

Shown here, change of cur-
rents, warm water and clouds
associated with El Nifio condi-
tions. (a) and (b) Pattern of
wind and ocean currents,
water temperatures and clouds
in a ‘'normal year', (c) and (d)
Pattern of wind and ocean cur-
rents, water temperatures and
cloud cover across the equator-
ial Pacific during an El Nifo
event. Profile diagrams () and

() after Gribbin and Gribbin

(1999)",

EL NiINo-SouTHerRN OscIttATION

called an El Nifio event. ENSOs also affect the
Earth’s trade wind patterns, which in turn
influence sea surface temperatures (SSTs)
over vast areas of the Pacific. These changes
can produce extreme weather throughout the
tropics and have been linked to severe
droughts in Indonesia and Australia, and
heavy rainfall in South America.

At other times, the injection of cold water
becomes more intense than usual, causing
the surface of the eastern Pacific to cool. This
is called a La Nifia event, and results in heavy

rainfall in Australia and Indonesia. and
droughts in South America. An El Nifio event
is usually followed by a La Nifia event.

Source: http:/iwww.vision.net.au/daly/
elnino.html

There have been twenty ENSOs in the
120 years since I1877. There is now much
debate that the frequency and intensity of
ENSOs is increasing, and there is some evi-
dence that this has been the trend in the past
twenty years'?,

MNormal conditions in the Pacific Ocean

Rising warm

Ly

Winds

Drought
in Indonesia
and Australia

* No upwelling

Air retuming

law from East to West

Descending
dry air, creales
desert

on the coast

Storms to
Wesleeast
ﬂlﬁmeflcﬁ
mi‘l Ot AT 'f.‘-

",

G o e

NATURE & RESOURCES
Vou. 35. No. 3

JuLy = SEPTEMBER 1999

25

The 1997-1998 fire event in Indonesia-
Freo StouLe AND THomas P. Tomic



__Figure 2,

5"N

o*

D Eastern lowlands
D Peneplains
B Piedmont zone
. Mountain zone
D Westem coastal stip

250 0

Agro-ecological zones of Sumatra with populations

of the eight provinces in 1994 gwen i millions and population dcmlly
in persons km?_ Source: BPS, Statistik Lingkungan Hidup. 1994 ‘

|

250

500 Km

——,

95°E 100°E

105"E

The 1997-1998 fire event in Ind

Evidence that fire was used by man in
Indonesia date back more than 10,000
years!3. Fire is often the only option for
clearing the land, especially for small
farmers. Every year the dry season
(from May to October) provides ideal
conditions to clear land by fire. It is
therefore an integral part of land use
systems in Sumatra. More recently, fire
has been used by large landholders over
the entire Southeast Asian region to
clear land for agricultural crops and
plantations. The area under tree estates
for pulp, timber, rubber, oil-palm and
other products has increased very
rapidly in Indonesia. Oil-palm estates
alone have increased by 2.4 million ha
in a recent three-year-period'*.

The extension of tree-crop land and
concessions is often associated with
transmigration, a process which was
already underway early in the twentieth
century and which is continuing today

The process involves the resettlement
of people from the populated islands of
Java and Bali 10 less populated areas,
such as Kalimantan and Sumatra. The
government transmigration pro-
gramme has so [ar resettled 220,000
families (around 1 million people) 1o
Sumatra. With each family receiving 2
ha of land, the total land use change
directly attributable to the inllux of
transmigrants represents 6% of Suma-
tra’s land area. Another factor driving
land conversion is population increase
and the need for growing populations
to convert land for securing liveli-
hoods. The resident population in
Sumatra increased from 28 million in
the 1970s to over 40 million in the
1990s,

Logging is another important lactor
that influences [ire behaviour. The
impact is two-lold. First, logged forest
is more fire-prone than intact forest. A
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loggcd-ov_ér cras‘l has .inrréa:.ed
amounts of wood fesidues on the
ground, whicll easily l:lr} outand which
provide a readily ignitable [uel for the
start of extensive fire. Another impact
of logging and land use change relate:
to the fragmentation of landscapes.
With forest fragmentation, the ecotone
between forest and non-forest becomes
larger. This itsell is already a threat to
the spread of fire into forest. In addi-
tion, slong the forest edge, there will be
change of temperature, humidity and
wind regimes that modify the microcli-
mate of the remaining forest, making it
even more susceptible to fire!®.

All these various processes and fac-
tors have had major repercussions on
Indonesias historical abundance of
land, with forest being rapidly con-
verted to other uses. This pressure on
land and the changes'® that have
occurred in recent decades have givena
complete new setting to the 1997 [ires;
This new setting includes diflerencesin
social and economic as well as bio-
physical and political context.

m'leral description of Sumatra
The island of Sumatra has a wel
tropical climate, and consists of four
major ecological zones'”: the Towlands
ol western Sumatra, a mountain range,
and the footslopes and lowlands of east-
ern Sumatra (Figure 2). In 1994, the
population of Sumatra was 40 million _
with an average population density of
77 persons km?, The lowlands of east-
ern Sumatra (Lampung, Sumatra Sela-
tan, Jambiand Riau) have recently been
subjected 1o considerable land use

Frio Stoue ano THomAs P. Tomcn

26

NATURE & RESOURCES
Vol. 35. No.3
Juty = SEPTEMBER 1999




SPapus New Guinea

B

__Figure 3. Hot spots per week in Sumatra.

mls and approaches

Remaote sensing through satellite
unagery combined with geographical
inlormation systems (GIS) provide the
main means for studying the fires and
for assessing what fires ook place,
where and when, in the archipelago.
With satellite images, fires can be
detected and monitored over a large
area on a daily basis as so-called ‘hot

for temperatures below 40°C. In con-
trast, fires generally have a temperature
above 60°C. This discrepancy gives rise
10 errors in the recognition of hot spots.
Anather drawback is the relatively large
size of the ground cell of 1 km?. A hat
fire of 50 by 50 m can give the full cell
an average temperature above 60°C,
and so the entire cell is recorded asa hot
spot'. On the other hand, a large
ground fire of several
hectares of sparse or low
vegetation will not give an

intense, hot fire and so
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change, with many new plantations
and significant increases of population.
Logging concessions were already
active in these locations in the mid-
1970s, and in the Sumatia lowlands,
commercial logging reached its peak in
the 1980s. For the whole area of Suma-
tra, more than 15 million ha (30% of
the total land area) is or was under log-
ging concession,

To study the impact of hires on the
vegelation, several maps were used.
None of these maps can be considered
very accurate, since the last island-wide
vegetation survey dates from 1986.
Since then, considerable changes have
occurred'™. Consequently, desktop
mapping with this coarse dataset does
not gl\"t‘ accurate i.l'lfﬂl't'l'li“iﬂl'l on exact
locations and areas, but it does provide
insights on where the fires were most
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spots’, while more detailed images pro-
vide inlormation of the area burned, so-
called ‘burn scars'. Combined with dig-
ital maps, this information gives a rapid
overview ol what happened during the
fire episode.

The satellite used in the present
study was the NOAA-AVHRR satellite
(US National Oceanic and Atmos-
pheric Administration - Advanced
Very High Resolution Radiometer).
This satellite can cover in one image a
ground area of 1,000 by 1,000 km. It
has an infrared sensor onboard which
can measure the average temperature
on the ground over an area of 1 km?.
This generates the so-called “hot spot’.
Hol spots do, however, have some seri-
ous drawbacks.

The NOAA satellite was developed
for weather and oceanic purposes, and
so the sensor sensitivity is optimized

quently the exact position
of the hot spot cannot be known pre-
cisely. All these drawbacks mean that
mistakes can readily be made in the
classification of hot spots, and that the
resulting misclassifications can be
large.

This said, the NOAA-AVHRR sensor
is still widely used for hot spot detec-
tion, because of its daily updates, The
sensor covers all parts of the Earth at
least twice daily. The images can be
directly downloaded from the satellite
with relatively inexpensive equipment.
Fires can thus be monitored daily, facil-
wating study of their pattern and distri-
bution. For these several reasons, in
this study hot spots have been used asa
main tool for rracking the fire situation
in Sumatra.

%buﬁnn of fires

During a period of one year, almosi
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