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2 The Impact of Droughts and Forest Fires 
on Tropical Lowland Rain Forest of East Kalimantan* 

J.G. GOLDAMMER 1 and B. SF.IBERT2 

2.1 Introduction 

Lowland tropical rain forests have generally been regarded as ecosystems in 
which natural fire was excluded by fuel characteristics and the prevailing moist 
environment (Richards I 966; Mutch 1970; Mueller-Dombois 1981 ). However, 
recent findings demonstrate that climatic conditions since the late Pleistoce·ne 
have favored the occurrence of natural and anthropogenic fires in the Amazon 
Basin and in East Kalimantan (Sanford et al. 1985; Saldarriaga and West 1986; 
Goldammer and Seibert 1989). It has also been demonstrated that the fuel 
characteristics, and the influence of drought on the microclimate and 
flammability of rain forest, may create conditions suitable for the occurrence 
and spread of long-return interval wildfires in today's primary rain forests (Uhl 
and Kauffmann this Vol.). Modern human impact on tropical forest lands is 
rapidly increasing, causing overall degradation, and conversion of rain forest 
vegetation to pyrophytic life forms with increased flammability and fire 
frequency (Mueller-Dombois and Goldammer this Vol.; Goldammer 1991). 

The 1982-1983 wildfires in Borneo left behind more than 5 x 106 ha of 
burned primary and secondary rain forest. These fires were the result of 
extensive land-clearing activities, and an extreme drought which was attributed 
to the El Nino-Southern Oscillation complex. In the aftermath of the fires, which 
the media largely regarded as an "ecological disaster" (Seibert 1988), a strong 
and growing scientific interest developed, focusing on the impact of fire on rain 
forest vegetation. 

This chapter will provide a synthesis of various studies intended to clarify 
the role and the impact of fire in the dynamics of lowland tropical dipterocarp 
rain forest in East Kalimantan. In order to understand past and current fire 
regimes, a brief description of the influence of climatic change and climatic 
oscillation on rain forest flammability and fire occurrence follows. 

* Kalimanlan is the Indonesian part of the Island of Borneo with four provinces in its center, west,
south; and east. Sarawak and Sabah in its northwest and north are states of Malaysia; Brunei is on
the northwest coast of Borneo.
'Department of Forestry, University of Frciburg, 7800 Freiburg. FRG 
"Faculty of Forestry, University of Mulawarman. Samarinda 75001, East Kalimantan, Indonesia
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2.2 Climatic Variability and Fire Regimes

It is generally recognized that during the last Ice Age the transf'er ofwater from
the oceans to continental ice caps lowered the sea level of the earth by at least
85 m (Mclntyre et a]. 1976).

Besides exposing land, especially on the Sunda Shelf, the drop tn ocean
water levels caused the development of an overall arid climate at that t ime. In
the highlands of Malesia, reliable palynological and radiometric information
has clarif ied the climatic and vegetational history since the last glaciation. as well
as human impact (Flenley 1979b; Morley 1982; Maloney 1985; Flenley 1988;
Newsome 1988; Newsome and Flenley 1988). In his holistic appraisal of the
geologic and biogeographic history ofthe equatorial rain forest, Flenley ( 1979a)
suggested that the most acute diferences in the Quatemary climate ofequatorial
lndo-Malesia, compared to present conditions. occurred during the period ca.
18,000 to ca. 15,000 B.p.At that t ime, for example, the upper tbrest l imit in the
New Guinea highlands was 1700 m below its present value, while the mean
temperature was 8 to l2'C lower.

Although palynological evidence from the tropical lowlands is sti l l  very
scarce (Flenley 1982), it must be assumed that lowland vegetation was generally
that ofareas with a more pronounced dry season. Lowland pollen analyses from
West Malesia are, or appear to be, ofHolocene age (Maloney 1985), and no data
from East Kalimantan are available.

However, the only study available from South Kalimantan may serye as an
auxil iary argument for the climatic change which occurred during the Holocene.
Morley (1981) suggested that the ombrogenous peat deyelopment of a peat
swamp in the Sebangau river region had been init iated by a change f'rom a more
continental to a less seasonal climate during the mid-Holocene. This implies that
the lowland climate of East Kalimantan. which today is sti l l  sl ightly seasonal
(Whitmore 1984), must have been considerably drier within the period between
the last glaciation and the development of today's rain forest climate. At that
time, fuel characteristics and flammability of the prevail ing vegetation must
have created conditions suitable for the occurrence ofwildfires. as was assumed,
although never proved, for north Sumatra at ca. 17,800 B.P. (Maloney 1985).

The lirst evidence of ancient wildfires in the eastern part of Borneo was
found by Goldammer and Seibert ( 1989). The radiometric age determination of
charcoal recovered along an east-west transect between Sangkulirang at the
Strait of Makassar, and about 75 km inland. showed that nres had occurred
between ca. 17.5 l0 and ca. 350 B.P. These events musl have occurred in situ, as
upper-slope hil l  terrain was selected for sampling, to avoid data-sampling from
charcoal dislocated by sedimentation, deposils of which were found in the lower
areas of Kutai National Park (Shimokawa 1988) and dated ca. 1040 B.P.
(Coldammer and Seibert 1989). Charcoal residues suggesting ancient forest
l ires were also recently found in several places in Sabah (Marsh personal
commun.).

The fire dates of 350 to 1280 B.P., as presented in the study, reveal that
wildfires occurred not only during the dry Pleistocene, but also after the present
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Stott et al. this Vol.). Volcanism as another natural fire source rnay have
influenced vegetation development on Southeast Asian islands with high vol-
canic activities, e.9., the highlands of Sumatra and Java.

Long-lasting fires in coal seams extending to, or near, the surface (Fig. l),
are found in various rain forest sites in East Kalimantan and are another
important natural fire source there (Goldammer and Seibert 1989). It was
assumed that all of the 29 coal fires known to be burning at present had been
ignited by the 1982-1983 wildfires. This is questioned by Goldammer and
Seibert (1989), since there are numerous oral reports about burning coal seams
made before the 1982-1983 drought.

Goldammer and Seibert (1989) also investigated the "baking" effects of
subsurface fires on sediment or soil layers on top ofthe coal seams. The effects
of ancient, no longer burning coal seam fires can still be seen today. The
material, locally called "baked mudstone", is utilized at present for road
construction purposes. Thermoluminescence analysis ofburnt clay, collectedon

Fig. 1. Subsudace coal fire under primary dipterocarp rain forest near Muara Lembak, East
Kalimantan (Januarv 1989)
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23 The 1982-83 ENSO, its Predecessors and the Wildfires

2.3.1 The 1982-83 ENSO

The 1982-1983 drought in Malesia was the result of an extreme F-NSO of

exceptionally large amplitude and persistence (Philander 1983b). In north and

east 
'Borneo, 

the decrease of rainfall began in July 1982, and lasted until April

1983, interupted only by a short rainy period in December 1982 Monthly
precipitation 

-dropped 
below criticalvalues along the coast and up to around 200

im inland. In Samarinda, near the east coast of East Kalimantan, the rainfall

between July 1982 and April 1983 was only 357o of lhe mean annual precipi-

tation (Dep;rtemen Perhubungan, undated; Fig.4a). Further inland, rainfall

recordingjfrom Kota Bangun (100 km from the coast; Fig 4b) and Melak (150

km from the coast; Fig. 4c) still show critical deficits The precipitation did not

fall below the critical margin of 100 mm in Long Sungai Barang, Bulungan(300
km inland; Fig.4d). These recordings support Briinig's ( 1969) observation from

Sarawak, that drought stress occurs more frequently in coastal areas than in the

hinterland.
Rainfall conditions in northern Bomeo during the 1982- 1983 drought were

similar. Five stations in Sabah recorded an average precipitation decrease of

607o (Woods 1987). No signincant drought and no fires were observed in

Sarawak at that time (Marsh personal commun.).
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farmed areas (Leighton 1984). It was found that fire damage was higher in the
secondary forest than in primary forest, although the degree ofdamage varied
greatly. The fires had swept twice through the ITO timber concession southwest
ofthe Kutai National Park, the first causing defoliation ofmany trees and lianas;
the second completely burning this accumulated litter. No surviving trees were
observed in areas which had burned twice. It can be assumed that this also
occurred in the Porodisa timber cdncession, north ofthe Park, and in the Sylva
Duta timber concession, west of the Park.

In his 1983 ground survey ofthe northern part ofthe National Park near the
Mentoko research station, Leighton (1984) found that the primary forest had
been badly damaged. He was unable to report any unburned primary forest on
hills, ridges, or slopes which could have served as a control plot to distinguish
damage by drought or fire. He inferred that the drier soils of the hillside and
hilltop areas, and also their shallowness (as argued by Whitmore 1984), could be
an important factor determining the water deficit during prolonged drought
seasons.

Narrow, 5 20-m-wide belts of unburned primary forest flanking streams
were also observed, but these account for only 5-1070 of the total area. In the
burned areas, 997o ofthe trees below 4 cm DBH had died, although about l07o
were resprouting from the ground. In the diameter 20 25 cm DBH class, 507o
had died, with 20 357o oftrees above cm DBH. Among the larger trees which
had died, only Bornean ironwood (Eusideroxylon zwageli T & B) was obseryed
resprouting from the ground. Lianas and strangling figs had been virtually
eliminated from burned parts of the forest, apparently being particularly
sensitive to drought.

Wirawan (1983) made a ground survey in a less damaged area in the
southern Dart ofthe National Park. Fire extended there about 30 40 km from
the coasta but was able to sweep further inland wherever previous logging
activities had produced suitable fuels, particularly in the surroundings of
logging roads. The healthiest areas were in the southwest of the Park further
inland. Dead stems ofemergent trees sticking out ofthe canopy have apparently
died from drought, not from fire. Canopy and subcanopy had regreened in these
areas, while in burned forests, the subcanopywas usually defoliated due to heat
rising from the fire.

' Wirawan's (1983) unpublished report shows that in unlogged, unburned
dipterocarp forest the effect ofthe long drought period wasmore severeon latger
trees than on smaller trees: 70% ofthe trees above 60 cm DBH were dead. while
only 40Vo in the DBH class of30 to 60 cm, and 2O 257o in the class below 30%
respectively. Drought has produced a diameter distribution similar to that in an
unburned logged-over dipterocarp forest in that area.

Only l570 ofthe trees in all diameter classes had died in unlogged, unburned
ironwood forest. Dead individuals were mainly Slorea species and others, but
ironwood was able to survive even onridges. In unlogged, but burned ironwood
forest, damage occurred particularly on smaller individuals: 757o of the trees
below5 cmDBHand 50%ofthetrees from 5 to l0cm DBH were dead, compared
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Fig. 6, Recovery process ofprimary dipterocarp lowland rain forest in Bukit Soeharto National
Park, 5 years after being afected by drought and nre in 1982

Logged-over forest: Besides the distance ftom the coast, the intensity of
previous logging and the timesince logging are mainly decisive inthe degree
of damage.

- Secondary forest (after disturbance by man, mainly through shifting
cultivation): These areas were, in most cases, totally deprived of any
remaining vegetation and had begun their regeneration process from zero.
Swamp and peat swamp forests: Wherever this type was affected by fires,
the damage was total, because in most cases the structure of the organic
underground broke down.

. The two latter forest types are not considered in this overview. Damage by
fires in secondary forests is similar to the development of areas after shifting
cultivation, and relevant information can be found in the respective literature
(Riswan and Kartawinata 1989, Goldammer 1991, see also synoptic overview in
Peters and Neuenschwander 1988). Swamp and peat swamp forests were
destroyed to such a degree that the area is lost for forestry for an unforeseeable
time, and recovery processes leading to forest could not be obseryed.

:1:.
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areas around, and south of Samarinda. The area ofthe National Park and north
ofit receives precipitation, even in normal dry seasons, at the lower l imit ofthe
100 mm,/month margin determining the occurrence of tropical rain forest.
Wherever fires were strong enough to erase the uppercanopy, both numberand
composition of species changed drastically, and no considerable recovery of
primary forest communities could be seen 4.5 years later: Miyagi et al. (1988)
and Tagawa et al. (1988), both based on field research in 1986 87, distinguish
several shrub types in bumt primary and logged-over forests, all but one with
only few dipterocarps, but dominated by site-specific pioneers. The scarcity of
regenerating dipterocarps as the leading tree family in some undisturbed
lowland forest communities in East Kalimantan raises questions as towhat type
of forest will develop in large heavily damaged areas in this region

2.4.1.2 Logged-Qver Forest

About 1.5 years after the fire, several species, including dipterocarps, had
flowered, possibly also induced by stress due to the opening ofthe canopy and
the restricted crowns of the partly damaged trees.

Consequently, in slightly logged and burned lorest areas where dipte-
rocarps still occur in the upper canopy, regeneration was often dominated by
dipterocarp species (Noor 1985) able to establish easily under the moderate
shelter ofthe upper canopy which usually covers more than 7570 ofthe surface
area. In these stands, the dipterocarps faced less competition from vigorous
pioneer species. Among both saplings and seedlings, dipterocarps are con-
siderably represented with 2l and 4270 respectively (Hatami 1987), indicating
that this habitat may recover lairly rapidly. Among the seedlings obseryed in
1986, pioneer species play only a minor role (7% of individuals)-

In moderately damaged areas, where some dipterocarp mother trees had
survived, dipterocarp seedlings ofseveral specieswere observed in considerable
number (Boer 1984). In these areas, dipterocarps still hold the same rank among
the trees, 5 years after the fires (Boer and Matius 1988), but the regeneration of
dipterocarps as the leading commercial species group is marginal, indicating
that the first regeneration after the fires did not survive. In some areas, a
fire-resistant palm, Borassoclendron borneensis,istheleading element ofthe pole
class, while saplings and seedlings are dominated by Macaranga species and
other pioneer and shrub species of minor value. Crown closure is still in the
range of only 507o.

Heavily damaged areas without surviving seed trees of primary forest
species undergo the same recovery processes as the ateas left behind by shifting
cultivators. In areas close to settlements, where abandoned land is a persistent
Imperata cylirulrica seed source, many damaged areas were invaded by this
weed and are practically lost for forestry (see also Seavoy 1975).

It is still impossible to quantify the surface attdbuted to the referred classes
ofdamage and therelated recovery processes. Amore detailed study is presently
being carried out by the International Tropical Tirnber Organization (ITTO).
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ever, is not yet clear. One ofthe recent hypotheses, the controversially debated
forest refuges theory, postulates that evolutionary diversification took place in
isolated areas. Among those who support this theory there is still debate as to
whether, during the last glaciation, the wetter uplands had become refuges for
isolated evolution of rain forest species, or rain forest survived and diversified
in those lowlands which were warmer but nonarid (Haffer 1969; Beven et al.
1984; Lewin 1984; Whitmore 1984; Kam-biu Liu and Colinvaux 1985; Connor
1986; Salo 1987; Colinvaux 1989; Goldammer 1991).

The mosaic ofrecent findings on climatic vadability and forest fires in East.
Kalimantan does raise more questions but at least may provide some answets.
The highest impact ofdrought and fires during the 1982-1983 ENSO was largely
restricted to the eastern lowlands and east oftoday's 3 3500 mm isohyet. This
land area, at the steep eastern edge ofthe Sunda shetf, had already been a coastal
ecotone when the Sunda shelf became dry during the last glaciation. Borneo's
inland mountains at that t ime may have been more continental but sti l l  received
more rainfall than the seasonal lowlands. A pronounced moisture gradient
between these ecotones must have resulted in the development of a wet rain
forest refuge in the highlands, eventually somewhere west oftoday's 3 3500mm
isohyet. The vegetation surviving on the lowland at that t ime had to cope with
frequent droughts and fires.

Most of this former lowland vegetation of the Sunda shelf was then
inundated and lost during the Pleistocene-Holocene transition. The remaining
lowlands are presently covered by a highly diverse moist rain forest biome,
although repeatedly disturbed by droughts and flre.

Is the lowland rain forest the result of a rapid expansion from the wet
highland habitat? Or can diversity of the lowland rain forest be explained by
frequent disturbances (Connell 1978)? Forest die-backdue to droughtstress and
fiie provides great evolutionary possibil i t ies because it creates gaps and speeds
up regeneration dynamics. It also prevents take-over by a few dominant species
which would lead to diversity-poor forest communities.

The basis for this evolutionary hypothesis is still fragmented and incon-
clusive. However, as has now been demonstrated, lowland dipterocarp rain
forest may recover from drought stress and fire ifthese events are not excessive
and not associated with human interference. Further, itscorollary highlights the
oppertunity selective silviculture methods may offer towards sustained eco-
system uti l ization and management.
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