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Abstract. Fire characteristics in tropical ecosystems are poorly documented quantitatively in the literature. This paper
describes an understorey fire propagating across the edges of a biomass burn of a cleared primary forest. The experiment
was carried out in 2001 in the Amazon forest near Alta Floresta, state ofMato Grosso, Brazil, as pac-tof biomass burning
experiments conducted in the same area since 1997. The vegetation of a 200 x 200-m2 forested area was clear-cut in early
June and burned in late August. The understorey fire that escaped from the mainburn was monitored across the four sides
of the land clearing area. Flame-front spread varied between 0.14 and 0.35 m min-1 Maximum flame height was about
30 cm and typical flame depth was l 0 to 15 cm. Tree mortality was investigated in 2003 in four areas adjacent to the
biomass burning experiment. A total of 210 trees were counted in the four areas, 29.5% were dead as a consequence of the
understorey fire that had occurred 2 years before. This fire-caused mortality is evidence of the synergistic effect between
slash burning, tree mortality and future fire vulnerability on the forest-land clearing interfaces.
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Introduction

Accidental fires cause approximately one-half of the burned
area in the Amazon forest of Brazil, They are often associated
with fires that start in adjacent areas cleared for agriculture
or transportation corridors (Uhl and Kauffman 1990; Nepstad
et al. 1999; Cochrane 2003). The result is an increasingly
fragmented forest that provides an extensive interface between
the remaining forest and the land clearings for agriculture and
rangeland.  The forest on this interface suffers drastic changes
in microclimate, vegetation composition and structure, and
ecological processes (Kapos 1989; Attiwill 1994; Camargo and
Kapos 1995; Cadenasso et al. 1997; Dale and Pearson 1997;
Kapos et al. 1997). The water stress condition may also increase
vulnerability to fire, as discussed previously (Meggers 1994;
Laurance and Williamson 2001; Laurance et al. 2001; Cochrane
and Laurance 2002).

Fire is the most common land management tool in these
newly open lands in Amazonia (Feamside 1990). The burns
are carried out 2 to 3 months after tree cutting (Kirchhoff and

Escada 1998; Carvalho et al. 2001). The peak activity typically
occurs in August, when the dry season is about to end.

Fire spread has not been a concern in most of the experiments
conducted by our research group in Manaus, state of Amazonas
(Carvalho et al. 1998, 1995,2001), and in Tome Acu, state of
Pari (Araujo et al. 1999a, 1999b), owing to the much higher
humidity content of the litter in that region. A large number of
experiments were also conducted in the state of Mato Grosso
addressing burning efficiency and emissions (Carvalho et al.
2001; Carvalho et al. 2002; Rabelo et al. 2004; Christian et al.
2007; Soares Neto et al. 2009). Therefore, during 2001, an
experiment was conducted to investigate the behaviour of the
understorey fire generated by the forest clearing and subsequent
burning process. This paper presents a short quantitative
description of fire characteristics on the interface of a deforested
patch and the standing primary forest with the intention of
enhancing the knowledge of fire behaviour in tropical ecosys-
tems. The paper also addresses tree mcrtality as a consequence
of the understorey fire propagation.

esipp
Text Box
This file was created by scanning the printed publication.  Text errors identified by the software have been corrected: however some errors may remain.



Floresta is iocated within the Arc of Deforestation, which is the
geometric configuration of the advancing agricultural frontier
towards the Brazilian rainforest, from south to north (Fig. 1).
A prefire forest inventory of the area showed an average of
455 trees per hectare with diameter at breast height (DBH)
higher than 10 cm, For the same DBH class, there were 15 snags
per hectare and 31 fallen dead trees per hectare. Although the
aboveground biomass and the biomass distribution for the plot
for this study were not determined, the aboveground biomass
during our previous work in the same area (Carvalho et al. 2001)
was 496.2t ha-1

The litter constitution (2.38 kg m-2) was basically dead
leaves (>95%) with very little degree of decomposition.
The height of the layer was less than 10 cm everywhere. The
vegetation in a 200 x 200-m2 plot was felled during the first
week of June and burned on 20 August 2001. This was a new
forest clearing and it was located - 500 m from a farm road and a
pasture, and 50m from another 200 x 200-m2 plot that was
deforested and burned in 1999, as shown in Fig. 2.

For speed propagation measurements, two methods were
employed. The first was based on flagging some standing trees
with coloured tapes, and visual observation was employed to
measure the time the flame front took to travel between two

Experimental site and procedure

The study was conducted at the Caiabi farm, 30 km south-west
of the city of Alta Floresta, state of Mato Grosso, Brazil. Alta



on account of draughting, The understorey flame propagation
measurements were initiated when the bum was in the smoul-
dering phase, and gusts of wind were not observed during this
phase.

Results and discussion

The air relative humidity and temperature 1.0m above the
ground in the land clearing. area were 31% and 39°C respec-
tively, just before ignition on 20 August 2001, 1347  hours local
time. The slash in the deforested area was ignited with drip-
torches from the central point of side III,  progressing towards
sides IV and II. By 1404 hours, the fire reached the centre of the
area, dark smoke was rising from fire, the flames were 15 to 20 m
high, and the flaming front was ~ 120 m long, parallel to and
~70m from side I. At 1423 hours, fire reached the border of
side I and continued burning slowly near the border until
1435 hours. At 1440 hours, an understorey fire started along
the border of side I. This flame behaviour  is typical of this type
of burning and has been discussed in previous work (Carvalho
et al. 1995, 1998, 2001).

Results obtained from direct measurements with calibrated
stakes, flagging and measuring tapes are presented in Table  1
along with tree mortality and litter moisture content for sides I,
II, III and IV. In the land clearing centre, the litter moisture
content was 3.8%. We expected changes in these values because
these data were collected within 2 hours before the burning.
Lower moisture content observed along the sides was due to
gaps in the forest canopy. As wind was absent and most of the
terrain was flat, the fire spread determined should be strongly
related to fuel bed properties for short-distance propagation, and
the presence of obstacles (small standing trees) for long-distance
travelling.

From Table 1, we observe average flame rate of spread varied
from 0.16 to 0.35 m min-1 for sides I and II where stakes were
used. For comparison, Cochrane et al. (1999) reported a rate of
spread of 0.25 m min-1 by direct observation  of  fires at scattered
locations within a 150-km2 area south of'  Tailandia,  state of Para,
Brazil. For sides III and IV, measuring tapes were use to infer the
rate of propagation for long distances and the velocities varied
from 0.14 to 0.24m min-l. The averages were 0.26,0.16,0.21
and 0.23 m min-1 for sides I, II, III and IV respectively.

Flame length of the observed propagating fronts ranged
between 15 and 30 cm. Flame  depth was on the order of 10 to
15 cm. For comparison,  Cochrane et al. (1999) reported  flame
heights varying from 13 to 46 cm and flame depths varying from
8 to 20 cm.

specific trees the distance between which was known. This
type of measurement estimates average propagation velocities
because of the long distances traversed by the flame fronts.
We also measured propagation rates with calibrated wooden
stakes for measuring shorter distances and time scales, which we
considered as instantaneous velocities or local flame spread.
The stakes were placed perpendicularly to the observed flame
front and the rate of spread was measured by dividing the stake
length by the time the flame front needed to travel along its
length. Although the stakes disturb the flame at the point at
which where they were positioned, no further disturbance was
observed ~ 15 cm away from each side along the stake. The
velocities calculated by these means were considered a good
approximation of the process. Measurements were taken in the
central area of each plot side, around those set for mortality
studies (Fig. 2).

Attempts were also made to measure dynamically flame
shape, height and depth by means of visual observation, A
metric ruler was positioned close to the flame in the vertical
direction to measure heights and through the flame for depth
estimations.

The mortality of trees was estimated 2 years after the fire, in
September 2003, by counting dead and live standing individuals
in four 20 x 50-m2 rectangular areas adjacent to each edge of the
burned 200 x 200-m2 site (Fig. 2). All dead trees found inside
these rectangles had been tagged during the preburn inventory
phase, they were disregarded in the mortality estimates.

We measured the average litter moisture content at several
points along perpendicular transects on the four sides of the area.
The objective was to investigate the effect of litter moisture
content on fire propagation. The samples were collected within
2 hours before the burn. Three litter samples were used for each
average. The litter moisture was determined at the centre of the
land clearing, on the interface between the land clearing and
the standing forest, and at distances of 15, 30 and 45 m from the
clearing into the forest.

Wind regime was verified by hanging plastic tapes attached
to 1.0-m long wooden sticks. No considerable displacement was
observed for the tapes and therefore we disregarded any major
effect of wind throughout our flame propagation rates estimates.
The dense forest can be regarded as a porous medium that damps
air flow. Also, at this time of year, the weather is quite stable for
that region, with negligible occurrence of wind under closed tree
canopies, as observed in all previous experiments in the same
region (starting in 1997). The plastic tapes method was used as a
means to confirm such a trend at the time of the experiment.
Short bursts of wind took place at the moment of the main fire,



Owing to the low-intensity fires, trees in the path of the
understorey fire commonly do not show crown scorching.
Instead, tree mortality is a slow process that takes several weeks
or months to happen. Tree mortality rates from the area burned
in 2001 are shown in Table l.

The plot on side I presented the lowest mortality rate
(19.6%). Conversely, the area along side II presented the highest
mortality rate (56.1%). This is likely due to a probable effect of
an experimental area deforested and burned in 1999, which was
located 50m from side II. We can conclude that the proximity
to an interface with a previously deforested and burned area has
the effect of increasing the mortality rate by understorey fires.
This synergistic effect between slash burning, tree mortality and
future fire vulnerability has been discussed in the literature
(Laurance and Williamson 2001; Laurance et al. 2001; Cochrane
and Laurance 2002) but there are few actual experimental data
on fire and tree mortality measured on the ground.

The area along side III presented the second lowest mortality
rate (22.9%). The main fire was ignited along side III and the
flames were not as tall and strong as they were in the rest of the
main area, particularly on the edge close to this side.

The area along side IV contained 50% more trees (75) than
each of the other three sides. This number was also much higher
than the number of standing trees per 1000 m2 determined in a
preburn forest inventory in the main land-clearing area (46). The
mortality along side IV was 25.3%.

Conclusion

Understorey fires escaping across the edges of a 200 x 200-m2

forest clearing bum were investigated by direct measurement on
flaming fronts. For that region, fuel loading estimate for litter
was 23.8 t ha-1 and average flame front rates varied from 0.14 to
0.35 m min-1 across the four sides of the experimental plot.

Flames, except in one observation, were always tilted to the
burned side. Flame length varied between 15 and 30 cm. Flame
depth range was from 10 to 15 cm.

An assessment of the mortality rate 2 years after the burning
produced values in the range 19.6 to 25.3% for the forest that
suffered the passage of understorey fires. The mortality rate
increased sharply, to 56.1%, for an area close to another
experimental plot that had been burned 2 years before the
current experiment.
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