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Abstract

Using map algebra, in the GIS (geographic information system) environment, this study integrates the B-RAMS,

Brazilian Regional Atmospheric Models Software (CPTEC, 2005) climate model data with remote sensing data, intending

to obtain a wildfire hazard map. The Taquari River Springs Park (TRSP) was chosen as a case study, due to the presence of

springs which are considered important contributors to the Upper Paraguay River Basin, and it also contains essential

remnants of the Cerrado Biome. The B-RAMS model has provided relative humidity, components of the horizontal wind

and temperature. The TRSP land cover was identified by object oriented classification of a LANDSAT ETM+ image,

supported by field observations. From the land cover phytophysionomic type characterization, a forest wildfire fuel map

has been elaborated. The integration of the different maps has been made using a GIS, and a new map with its associated

GIS database was generated showing the most vulnerable zones to wildfire hazard.

r 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The naturally caused wildfires can reach envir-
onmentally preserved areas, such as parks and
springs, causing considerable environmental da-
mages, impairing the survival of biodiversity.

The forest wildfires in Mato Grosso do Sul
have occurred mainly during the drought (July to
e front matter r 2007 Elsevier Ltd. All rights reserved
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October). Actually, the atmospheric humidity in this
period is low, and it is not possible for the formation
of rain and sky coverage (nebulosity). Low pre-
cipitation and low relative humidity of the air,
combined with high temperature, make the vegeta-
tion dry and which becomes a vegetable fuel, while
high precipitation and high relative humidity of the
air, combined with low temperature, make the
vegetation humid and green.

Nowadays, forest fires in Brazil are monitored by
the National Institute for Space Research (INPE),
using data of meteorological satellites, which can
measure ground surface temperature over 47 1C and
.
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identify them as hot spots, which does not
absolutely mean that it is a burning focus or a
forest fire. So, a fire focus is confirmed only after it
happens with its consequent damages.

Thus, this system is not preventive, it causes
considerable environmental impacts. In Mato
Grosso do Sul State, wildfires periodically
always take place, when there is sufficient fuel
material accumulated which propagate the fire. This
generally happens in the interval of two or three
years (Matos Filho, 2005). If this vegetation fuel
increase is great, it can produce a fire of large
proportions, requiring high financial resources and
a great number of persons in order to extinguish the
fire; sometimes these wildfires become totally
uncontrollable giving rise to environmental impacts
in the air and water quality, and mainly over the
fauna and flora of the affected region (Matos Filho,
2005).

So, this work approaches the results obtained in
GIS environment from crossing data of forest fuel
obtained by means of remote sensoring system, with
climatic data, obtained by numeric modeling.

Utilizing remote sensing data and a GIS tool, this
work seeks to indicate the outstanding parameters
for the identification of the forest wildfire risk,
taking into account the availability of forest fuel
and the climatic parameters and thus subsidizing the
prevision and modeling of forest wildfires in the
Cerrado Biome.

Intending to be preventive, the present work aims
at the evaluation of forest wildfire risk, which
constitutes the best possibilities for the safeguard of
mankind, properties and natural resources. The
scope of this study has been to develop know-how
in order to subsidize the production of the wildfire
risk cartography, based on satellite images, meteor-
ological information and other auxiliary informa-
tion, such as field control.

Numerical modeling tools were utilized to simu-
late the atmospheric circulations together with
accurate data of vegetation, land cover and topo-
graphy, which has proportionated the analysis of
the availability of forest fuel at Taquari River
Springs Park (TRSP) and consequently informing
about the areas with adequate climatic conditions
and high accumulation of fuel material, thus
avoiding exceeding expenses and negative environ-
mental impacts.

The TRSP area was selected for this study
because it constitutes a conservation unit of
restricted antropic use and where the studied forest
wildfires have had their origin confirmed by natural
causes.

2. Study area description

The study area is situated in the Cerrado Biome,
which represents 23% of the Brazilian territory,
where the natural wildfires are part of the natural
processes. The TRSP is located between the
coordinates 17�590 and 18�150 South, 53�100 and
53�260 West, with 26849.62 ha in Alcinópolis Muni-
cipality and 3769.34 ha in Costa Rica Municipality,
totalizing an area of 30618.96 ha. This region is also
near the watersheds of three great hydrographic
basins: Paraná, Araguaia and Paraguay (Fig. 1).

In a general description, the Park vegetation
cover is composed of specimens of forest, open
pasture, field and along the streams the typical
riparian forest, with bypasses and palm-fiber rope
occurring near the springs and in humid areas.

Close to these areas also occur open pasture and
forest. Where the slope is greater, the presence of
open pasture is more common, tending towards a
field. Over the hillsides of the depressions, prevails a
gramineous known as cambaúva (actinocladum
verticillatum). In this study, these areas were
denominated by cambaúva fields because they
constitute areas of particular identification on the
satellite image (Carrijo, 2002) and they also have a
special interest as potential wildfire areas.

At the valley, the typical vegetation is the forest
and it also presents species which lose leaves totally
and partially during the dry season. The defoliation
ratio is related to the duration and intensity of the
dry period, during which several species present
flowering and fructification. The annual precipita-
tion in the region of the TRSP ranges from 1800 to
2100mm, but with two well-defined seasons: the dry
period from June to September and the rainy period
from October to May (Carrijo, 2002; Lamprecht,
1990).

3. Methodology

The methodology has included different stages:
climatic data modeling and the integration of this
data with the forest fuel chart which has been
obtained by remote sensoring analysis and field
control. In the sequence, in GIS environment, these
charts were compared to the points where the
natural forest fires of September 2004 have
occurred.
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Fig. 1. Localization of the study area (Carrijo, 2002).
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These stages are described later.

3.1. Numerical modeling

The implemented B-RAMS model at the Center
for Weather Prediction and Climate Studies of the
National Institute for Space Research, CPTEC/
INPE (www.cptec.inpe.br/brams), was utilized in
this study in order to simulate the atmospheric
circulation of the studied region.

RAMS (www.atmet.com) is a numerical model
developed aiming at simulating movements of the
atmosphere at several scales, having an elaborated
collection of physical parameterization for simulat-
ing the processes that control the resolution of the
atmospheric state. The initial conditions can be
defined from various collections of observable
data and, as boundary conditions, the model uses
atmospheric analyses of global models. B-RAMS
model is deduced from the most recent version
of the RAMS model (release 5.0) with innova-
tions, such as a new modulus of parameteriza-
tion of humidity of the ground and a new
parameterization of deep cumulus of Grell and
Devenyi (2002).

The September 2004 data have been chosen for
the simulations of the climatic conditions over
TRSP. In the scope of simulation, four grids have

http://www.cptec.inpe.br/brams
http://www.atmet.com
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been utilized. The coarse grid has a 40 km horizontal
resolution ð157� 162Þ and covers South America.
The nested grids over Brazil, over Mato Grosso do
Sul State and TRSP study area have 4, 4 and 1 km of
resolutions, respectively.

The vegetation types utilized by B-RAMS model
corresponds to the MODIS normalized difference
vegetation index (NDVI) data, based on 2001–2002
years and processed by the Terrestrial Biophysics
and Remote Sensing Lab (http://tbrs.arizona.edu/
cdrom/Index.html). A new soil moisture algorithm
has been used to initialize the model forecast
(Gevaerd and Freitas, 2006).

The map of land cover types was elaborated by
Rossato (2001) at INPE. The considered topography
is from USGS (United States Geological Survey)
base, considering different resolutions, 20, 10 and
1km. The considered vegetation map is the LEAF-3,
IGBP 2.0 and IBGE/INPE (http://edcdaac.usgs.gov/
glcc/glcc.html and http://www.cptec.inpe.br/proveg),
adapted for the South American biomes.
Fig. 2. Fire fuel chart with focus of fire
For the initial and boundary conditions, the
CPTEC global model analysis data were utilized
(with resolution of 18751 and interval of 6 h). These
data correspond to the variables of relative humid-
ity, horizontal components of the wind, tempera-
ture, geopotential altitude and radiation. In order to
calibrate the model, five years of radiosonde and
surface data were used.

3.2. Map algebra

In the GIS environment, each of the generated
maps was put in its own layer and using map
algebra (Paranhos Filho et al., 2003; Haklay, 2004;
Wang and Pullar, 2005), the following information
layers were crossed:
�

iden
atmospheric temperature map, generated by
B-RAMS model, in the antecedent step;

�
 atmospheric humidity map, generated by B-RAMS,

in the antecedent step;
tified on 21st September 2004.

http://tbrs.arizona.edu/cdrom/Index.html
http://tbrs.arizona.edu/cdrom/Index.html
http://edcdaac.usgs.gov/glcc/glcc.html
http://edcdaac.usgs.gov/glcc/glcc.html
http://www.cptec.inpe.br/proveg
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�
 forest fire fuel map, obtained by reclassification
of land cover map, generated using CBERS-2
satellite image, CCD sensor of 07 June 2004,
supported by Landsat ETM + images;

�
 heat focus identified by NOAA platform;

�
 heat focus identified by MODIS platform;

�
 ground control point with the location of natural

wildfire in Park.

The potential forest fire parameters were analyzed
using and crossing information provided by the
maps, generating a new layer with all the informa-
tion needed together. The operation in different
layers has allowed the comparison between
different parameters at the same time, or in different
combinations.

This comparison was done mainly through GIS,
analyzing the several variables in the fire places and
the same variables in no fire ignition places, with the
same fuel disposal and similar conditions.

In order to associate B-RAMS model atmospheric
parameters with pixels of fires and fuel types,
Fig. 3. Temperatures and relative humidity alongside of the
five pixels of fire focus informed by PROARCO
were utilized (www2.ibama.gov.br/proarco/home.
htm, INPE, 2005). This information is in agreement
with the report of Mato Grosso do Sul Firemen’s
Corp (apud Matos, 2005).

Over the same points of the pixel fires at TRSP,
the data from days 17, 18, 19, and 20 were analyzed
during September 2004. These days preceded the
great fire of 21st September, detected in ground and
also identified by the PROARCO system data,
which can also furnish information about pixels of
fires all over Brazil, using NOAA satellites with an
error between 2 and 3 km, and MODIS with an
error between 1 and 1.5 km.

In order to evaluate and to compare the climatic
variations in the park region, another point was used
in this study—a point free of fire, 15.7km far from
the other points where the fire has occurred, but with
similar conditions and the same fuel availability, and
in this case: natural fields (cambaúva).

At the Park, the main biomass supplier to surface
burnings are the natural fields and as shown in
studied days, considering two different localizations.

http://www2.ibama.gov.br/proarco/home.htm
http://www2.ibama.gov.br/proarco/home.htm
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Fig. 2, all NOAA and MODIS hot spots are
distributed around those areas where there are
maximum amounts of fuel to fire.

Due to the accuracy of NOAA and MODIS data,
in order to validate the point localization upon the
study area, a buffer area was produced for each
point corresponding to a minimum error to each
satellite. The buffer areas were 1 km to MODIS data
and 2 km to NOAA data.

The areas resulting from the buffers were
designated as probable regions of fire and as all
these areas correspond to natural field regions, these
are considered as starting regions for wildfires.
Fig. 4. Temperature 21st September 2004—15 GMT. Areas more to the

the temperature relative to the north point A, without fire, also before
The fire hazard map elaboration has achieved
five classes: cerradão/forest, cerrado, campo sujo
(pasture field), cambaúva fields and has still
separated an arable area, aqueous bodies and humid
area.

4. Obtained results

Biomass of gramineous, dicotyledans, dry lign-
eous material and serrapilheira for each phytophy-
siognomy were quantified, resulting in a total
biomass of 8:47 ton ha�1 of stricto sensu cerrado,
9:24 ton ha�1 of sparse cerrado, 3:54 ton ha�1 of
south of the TRSP are the fire focus and displayed an increase in

to start of the fire.
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dirty pasture, 3:78 ton ha�1 of clean pasture and
16:57 ton ha�1 of natural fields.

Fig. 3 indicates the temperature behavior during
five days before the wildfire for the studied points.
According to this graphic, at the point of fire, the
temperature indicates a crescent behavior with the
decrease of relative humidity. For the distant points
of fire, the relative humidity is greater, suggesting
that, besides the temperature being around 1�C less
at the point where the fire has occurred, the local
vegetation at that point could have absorbed the air
humidity, avoiding combustion when the day
temperatures reach the highest values.

The humidity and temperature of the air have a
major role by their influence over the fuel humidity,
Fig. 5. Relative humidity 21st September 2004—15 GMT. Areas more t

in the relative humidity of the air, relative to north point A, without fi
because high temperature and low humidity of the
air favors the evapotranspiration process.

It is also interesting to observe that the triangle of
fire behavior is constituted by the topography
(relieve), climatic conditions and the fuel material
(vegetation fuel in this case), the last parameter
being only the one which can be controlled by men
(Matos Filho, 2005). So, for controlling wildfires, it
is very important to identify with accuracy the types
and localization of the forest fuels (Figs. 4 and 5).

5. Conclusions

The results permit to indicate that the medium
value of dryness index in the air determines the
o the south of the TRSP are the fire focus and displayed a decrease

re, also before to start of the fire.



ARTICLE IN PRESS
L.M.M. de Albuquerque et al. / Atmospheric Environment 41 (2007) 3494–3501 3501
possibility of fire year after year. It was also possible
to verify that the temperature has been the
primordial factor in the burning of material in a
certain area and no burning of this same type of fuel
material occurs in another area.

An advantage of the use of this kind of methodol-
ogy is its cost/benefit relation, since in the TRSP there
is no meteorologic station for a collection of data. In
this research, the following were utilized: a chart
of risk of fire originated from CBERS-2 image
classification, which are available for free at INPE
(www.inpe.br/cbers), the B-RAMS model which
is also available for download at CPTEC/INPE
(www.cptec.inpe.br/B-RAMS), the System of Display
and Grid Analysis, GRADS (http://www.iges.org/
grads) is freely distributed, and the heat focus
available by PROARCO Program (http://www.
dpi.inpe.br/proarco/bdqueimadas/). All these make
this work an efficient and low cost product.

The map of sufficiently detailed and careful vegeta-
tion fuel may be brought up to date only reasonably
(dry and humid season) using remote sensoring,
because the available quantity of fuel is directly related
to the type of land cover and its general characteristics
only change if the season presents itself dry or humid,
making easy the automatization of the model in a
future step. But it is also important to obtain an
evaluation of the quantity of alive and dead vegetation
including roots, also mapping the accumulated fuel
material between the fires.

The utilization of geotechnologies has been
fundamental for the elaboration of this research,
its significance standing out, considering the envir-
onmental planning, the development of new strate-
gies and the conservation of environment.
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