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Fuel moisture sampling and modeling in
Pinus elliottii Engelm. plantations based on
weather conditions in Parana - Brazil

Alves MVG ), Batista AC ?, Soares RV ?, Ottaviano M ", Marchetti M "

Fuel moisture content is essential to estimate several fire behavior variables.
The objective of the present study was to estimate fuel moisture through me-
teorological variables. The field materials used for this purpose were the accu-
mulated needles found on the ground of a Pinus elliottii Engelm. plantation of
the Federal University of Parana Experimental Station, located in Rio Negro
county, Parana State, southern Brazil (26°04’S lat., 49°45’W long.). To de-
termine fuel moisture content, two sampling methods were tested: the first
method consisted in collecting samples of fuel in plastic baskets and sub-
sequently weighing them approximately every two hours, while the second
method consisted in collecting, approximately every two hours, a series of dif-
ferent samples directly from the forest floor, and weighing them. All the
samples collected on site were then oven dried for moisture determination.
Comparing both methods, it was found that the best results were obtained u-
sing the samples collected directly from the forest floor and that the best fit-
ting equation included air temperature and wind speed.
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Introduction

According to Alves et al. (2006), Brazil
currently has about 5.2 million hectares of
forest plantations, consisting mainly of
Pinus and Eucalyptus. Forests planted with
Eucalyptus spp. represent about 65.4% of the
Brazilian plantations, 31.2% of which are
located in the state of Minas Gerais, while
Pinus spp. plantations represent about 34.6%
and the state of Parana, with 37% of the
total, is the highest-ranking in Brazil. The in-
creasing expansion of reforestation pro-
grams, mainly located in the south of the
country, has determined the need for the im-
provement of assessment and protection
techniques. Forest fires are a constant con-
cern and their management represents one of
the main goals of forest plantation manage-
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ment plans.

Climate directly influences the type and
quantity of vegetation and weather condi-
tions determine the levels of humidity
present in the air and, consequently, the
levels of humidity in the fuel.

Moisture is present in a higher amount in
live material and is more stable in compari-
son to the moisture content in dead material.
The latter, being dryer, responds faster to
weather variations, and therefore is con-
sidered to be the main culprit for the spread
of fires. In fact, moisture content of dead-
wood can vary widely and ranges from less
than 2% (rarely) to more than 300%. On the
other hand, moisture content of live material
is less variable. Indeed, in green leaves,
branches and shrubs up to 7 cm in diameter,
which usually burn in medium or high in-
tensity fires, moisture content generally
ranges from 75 to 150% of its dry weight
(Anderson & Brown 1988, Soares & Batista
2007).

The probability of ignition is directly re-
lated to two basic meteorological parame-
ters: temperature and humidity. The behavior
of forest fires is closely related to fuel mois-
ture (Blasi et al. 2004). Therefore, its de-
termination is basic for the estimation of
parameters such as linear intensity, rate of
spread and fire propagation, which are re-
lated to the behavior of fires. Fuel moisture,
not only is a critical factor to obtain good
results with prescribed burnings, but also is
one of the most important factors in the as-
sessment of forest fires risk in all biomes and
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ecoregions (Fosberg et al. 1970, Yebra et al.
2006, Blasi et al. 2004).

Fuel moisture content is also the most im-
portant parameter for determining fuel flam-
mability and is directly influenced by cli-
mate and weather conditions, and may vary
rapidly. Living and dead fuels have different
mechanisms of water retention and different
responses to weather changes (Burgan 1979,
Soares & Batista 2007).

In the last decade the goal of many re-
search groups throughout the world (e.g.,
Rothermel 1972, Burgan & Rothermel 1984,
Andrews 1986, Bessie & Johnson 1995 and
Gould et al. 2007) has been the development
of methodologies and mathematical func-
tions aimed to quantitatively predict values
for the variables related to fire propagation,
to achieve a better understanding of the be-
havior of fires.

So far in Brazil, fuel moisture estimation
has been made through direct measurements
in the field and in the laboratory. The me-
thod consists in weighing the fuel on site
(determination of wet weight) and sub-
sequently drying it to its constant weight,
consequently determining its water content.

The development of indirect methods to
provide estimates of fuel moisture through
easy-to-obtain correlated variables, is a
faster and more promising way (Batista
1984). The development of such methods for
the determination of fuel moisture could in
fact speed up the work for the protection of
forest stands.

To develop equations to quantify variables
related to fire propagation, parameters such
as the rate of spread, the intensity of heat
emitted by the fire front and the geometric
properties of the fire front (height, length
and angle of inclination) are used. Fuel
moisture, in this context, is of great impor-
tance as it exerts a strong influence on these
variables. Satellite remote sensing has also
emerged as an advanced technique to
provide frequent and high-resolution mea-
surements of forest fuel types and wildfire
properties. Recently, great efforts have been
made to develop algorithms to estimate fuel
moisture using this technology (Chuvieco et
al. 2004, De la Riva et al. 2005, Aguado et
al. 2007, Wang & Qu 2007).

The goal of the present work was to test
methods, based on meteorological variables,
to determine fuel moisture by calculating the
degree of correlation between meteorologi-
cal elements and fuel moisture and by testing
the mathematical models describing such re-
lationships.

Materials and methods

Location
The city of Rio Negro is located in the
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Fig. 1 - Location of the study area in Rio Negro, state of Parana (Brazil).

Second Paranaense Plateau, in the south-
eastern state of Parana, about 120 km from
the coast, at an average elevation of 793
meters a.s.l. Samples were collected in the
Experimental Station of Rio Negro, admi-
nistered by the Forest Engineering Course of
the Federal University of Parana (UFPR),
located near highway BR-116 (km 200), Dis-
trict of Tijuco Preto, approximately 100 km
from Curitiba (coordinates: 26° 04> 02.40”
S, 49° 45° 58.76” W).

The Experimental Station is an area of ap-
proximately 120 ha, created in 1962 to sup-
port teaching and research activities carried
out at the National School of Forestry. Cur-
rently about 50% of the area is covered with
forest plantations, 30% with secondary
forests voted to permanent preservation and
the remaining 20% used for annual crops and
pastures (Fig. 1).

Climate

According to the Koppen climate classific-
ation, the climate of the region is Cfb, meso-
thermal, characterized by the absence of a
dry season and by warm summers with four
or more months where the average tempera-
ture is above 10°C. It is a humid climate
with rainfall of the driest month exceeding
60 mm. Summer and winter seasons are well
defined, with the average temperature of the
hottest month being less than 22° C (Maack
1968, Longhi 1980, Peel et al. 2007).

According to official information provided
by the Agronomic Institute of Parana
(IAPAR), the region of the study area has re-
gistered in the last 20 years an average an-
nual temperature of 17 °C, with the coldest
month averaging a temperature of 12.6° C,
the hottest month a temperature of 20.8 °C
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and 1585 mm of average annual precipita-
tion.

Meteorological data

Brown & Davis (1973) consider that the
main climatic variables influencing fuel
moisture are rainfall, relative humidity and
temperature. Wind and solar radiation are
important factors in the drying process be-
cause they modify both the fuel temperature
and relative humidity, as well as the tempe-
rature in the first layer of air adjacent to the
fuel. Meteorological data were obtained u-
sing a mini station Brand Kestrel® model
3000, with temperature accuracy of +0.1 °C
and a measurement range of -20 °C to +60
°C, according to manufacturer’s information.
The values of relative humidity have an ac-
curacy of +3%, and may be calibrated on the
field. The above equipment was installed in
a beacon, at a height of 1.50 m.

Sampling and statistical analysis
To determine fuel moisture two distinct

Fig. 3 - Fuel sampling methodology.
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sampling methodologies were used. In the
first method (01M) samples consist solely of
surface fuel, which plays a critical role in the
ignition and spread of fires (Nelson 2001).
Samples were collected in plastic baskets
carefully avoiding any alterations in the
structure of the fuel material, and left on the
same place. Plastic baskets were made of
screens (mesh of £7 mm), 25x40 cm in size
and about 10 cm high (Fig. 2). After putting
them in baskets (Fig. 3), fuel samples were
weighed on site two hours later, and weigh-
ing repeated on the same samples approxim-
ately every two hours. This series of mea-
surements was performed from the
28/03/2007 at 15h30 to the 30/03/2007 at
08h00, resulting in 20 periods measured with
240 observations.

The second method (02M) consist in col-
lecting needle samples (surface fuel) directly
from the forest floor at intervals of appro-
ximately two hours (Fig. 3). The material
collected was packaged in labeled paper
bags and weighed (determination of the wet
weight). The samples were then transported
to the Forest Fire Laboratory at UFPR and
dried in an oven at 75 °C for 48 hours, to de-
termine their dry weight. The same proce-
dure was performed on the samples collected
in baskets: each sample (01M) was packaged
in labeled paper bags, and the same proce-
dure for the determination of the dry weight
was followed.

Lopes et al. (2006), in stands of Pinus
pinaster and Eucalyptus globulus used
sample sizes of about 50 grams. Gongalves
et al. (2006), with the same species, used

Legend:
D Plastic backets samples
(01M)
Q Paper bags samples
(02M)
S —> Direction of collection

samples of the
packages (01M)

== Direction of collection
samples of the
packages (02M)
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sample sizes of 30 grams. However, due to
the scarce variability of the moisture content
over the analyzed periods, using small
sample sizes can generate greater error be-
cause small variations in fuel moisture can-
not be detected. Therefore, for both the
above methods samples of 200 grams were
taken.

Fuel moisture content (FMC) was deter-
mined from the difference between the wet
weight (M, measured in the field) and the
dry weight (M., obtained in laboratory), as
follows (Desbois et al. 1997, Viegas et al.
2004):

FMC=100-(M

Before adjusting the equation, a normality
test was conducted on the variables. Saglam
et al. (2006), in a similar study on Pinus bru-
tia and Pinus nigra, applied a logarithmic
transformation of the fuel moisture data,
while in the present study data showed a ho-
moscedastic normal distribution, and no
transformation was necessary.

To model the relationship between the me-
teorological variables and fuel moisture, se-
veral different approaches and equations
have been tested (eqn. 1-9):

M)IM,

(1) LnFMC=b,+b,-T

(2) LnFMC=by+b,-RH
(3)FMC=b,+b, T

(4) FMC=b,+b,-RH

(5)FMC =b,+b,-W

(6) FMC =by+b, T +b,-RH
(7)FMC =by+b,-T+b, W
(8)FMC=b,+b,-RH +b, W
(9)FMC =b,+b, T+b, RH +by;- W

where FMC is the fuel moisture contents, T
is the air temperature (°C), RH is the air rel-
ative humidity (%), W is the wind speed (m
s"), Ln is the natural logarithm, and by, b, b,
and b; are the regression coefficients to be
estimated.

Results and Discussion

The starting dataset included 240 observa-
tions obtained using the first method (plastic
baskets) and 84 observations using the
second (samples independently collected).
During the period of collection, the wind
speed ranged from 0.0 to 0.6 m s, the rela-
tive humidity from 49 to 98%, the tempera-
ture from 19.1 to 29.7°C and the fuel mois-
ture content between 6.18 and 37.02% (Tab.
1).

Fig. 4 displays how relative humidity (RH),
air temperature and fuel moisture content of
the collected samples (FMC) varied during
sampling operations applying both methodo-
logies described above. Graph A represents
the first sampling method (01M) and graph
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Tab. 1 - Weather parameters and fuel moisture contents. (1): monitoring of the same sample
wrapped in a plastic basket (method 01M); (2) collection of new samples of material to each
interval of time (method 02M); (SD): standard deviation; (SE): standard error.

Wind speed Relativy Temperature Fuel moisture

Statistics (ms™) umidity (%) O contents (%)

01M®  02M®  01M® 02M? 01M® 02M?® 0IM® 02M®

No. of samples 240 84 240 84 240 84 240 84
Minimum 0.0 0.0 49.0 45.0 19.1 19.7 6.18 11.8
Maximum 0.6 0.4 98.0 97.0 29.7 30.1 37.02 376
Mean 0.1 0.1 77.2 75.6 233 246 2221 244
SD 0.14 0.14 2221 18.62 3.48 3.67 6.41 5.03
SE 0.01 0.01 1.43 2.03 0.22 0.40 0.41 0.55

Tab. 2 - Correlation coefficients between weather conditions parameters and fuel moisture
content during sampling procedures. T: temperature (°C); RH: relative humidity (%); W:
wind speed (m s™); FMC: fuel moisture contents (%).

01M 02M
Parameter T RH W  FMC Parameter T RH W  FMC
T 1.000 -- -- -- T 1.000 -- -- --
RH -0.965 1.00 -- -- RH -0.988 1.000 -- --
W 0.562 -0.508 1.00 -- w 0.884 -0.924 1.000 --
FMC -0.452 0398 0.03 1.00 FMC -0.791 0.809 -0.698 1
100 1 . _ .30 100 —35
804 . , T2 80 + 30
AN 120 5 3 o
g €01 ‘. £ g 60t 20 &
= = 15 0 = Q
T 404 10 = E a4 :z =
20 4 20 +
(a) (b) 5
O 0 - — 0
= = = =RH FMIC = == «RH FMC
100 + - 35 35 + - 35
o0l L 30 5 071 1 30
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o
T 404 15 = E_ﬁa- 152
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(e) s = sl (e
0 R I e ] 0 —
= = = =RH FMC = = = =Temperature FMC

Fig. 4 - Comparison between variable trends during observations in the two different me-
thodologies (A and C refer to the first method: 01M; B and D to the second: 02M).

B the second method (02M).

Graph B demonstrates that 02M presents a
better relationship between the variables ana-
lyzed, whereas a remarkable divergence is
noticeable at the end of the analysis using
the method 01M (Fig. 4A). The above trend
is confirmed by the correlation coefficients
analysis reported in Tab. 2. On the other
hand, a better correlation between weather
variables and FMC was found using method
01M in respect to method 02M (Fig. 4C and
Fig. 4D, respectively).
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The strength of the relationships between
the different variables analyzed is reported in
Tab. 2. In general, a significant correlation
between FMC and other weather parameters
was found. The highest correlation between
FMC and air temperature was obtained with
the method 01M (-0.452), while the best cor-
relation between FMC and RH was obtained
using method 02M (0.809). It is interesting
to note that the correlation between FMC
and air temperature obtained in this experi-
ment is similar to the one obtained by

iForest (2009) 2: 99-103
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Tab. 3 - Regression models used for the prediction of the fuel moisture content based on weather conditions. (1): coefficient of determina-

tion; (2) standard error of the estimate (%).

Regression coefficients

Method  N° Regression models rr®  §,,®
by b, b bs

01M 1 LnFMC=b,+b;-T 1.7250 -0.0155 - - 0.36 16.6
2 LnFMC = b, + b'RH 1.1365 0.0027 - - 0.26 16.8

3 FMC=by+bT 42.512 -0.8146 - - 0.38 15.5

4 FMC =b,+b;‘RH 11.550 0.1466 - - 0.28 16.8

5 FMC=b;+bW 23.989 -5.5710 - - 0.01 19.7

6 FMC=b,+b;T+b,yRH 94.239 -2.0678 -0.2748 - 0.45 15.2

7 FMC=by+b;'T+ bW 46.642 -1.0491 27.357 - 0.47 14.9

8 FMC =b,+b‘RH + b,y W 8.2624 0.1761 18.014 - 0.32 17.0

9 FMC=by+bl‘T+byRH+ b;W 108.33 -2.5637 -0.3245 31.421 0.56 14.1

02M 1 LnFMC=by+b,'T 1.8458 -0.0189 - - 0.56 15.3
2 LnFMC = b, + b‘RH 1.0907 0.0038 - - 0.58 15.1

3 FMC=by+b;T 47943 -0.9555 - - 0.62 13.2

4 FMC=b,+b;'RH 9.9502 0.1921 - - 0.64 12.7

5 FMC=by+bW 27.166 -40.465 - - 0.38 16.8

6 FMC=by,+b;'T +byRH -1.9338 0.3023 0.2510 - 0.64 14.2

7 FMC=by+b;'T+byrW 1.5883 0.0902 -20.046 - 0.86 8.74

8 FMC =b,+b‘RH + b,y W -5.0587 0.3492 46.928 - 0.72 12.5

9 FMC=Db;+bl-T+byRH+b;W -68611 1.5139 0.6868 59.582  0.75 13.6

Saglam et al. (2006), in a study conducted in
Turkey (r = - 0.738).

The regression models tested for the pre-
diction of fuel moisture content based on
weather conditions parameters are reported
in Tab. 3. Based on both the coefficient of
determination and the standard error of the
estimates obtained from the regression ana-
lysis, the adoption of the sampling method
02M produced a best fit, providing therefore
better predictions of the FMC.

For both sampling methods, the best fitting
was observed applying regression models in-
cluding temperature and wind speed as pre-
dictors (FMC = by + b;"T + by,W), with an
R? of 0.47 and 0.86 and standard errors of
14.9 and 8.74% for the first and the second
method, respectively (Tab. 3).

Dimitrakopoulos et al. (2006), in a study
on Mediterranean forests carried out in
Greece, developed a model based on regres-
sion analysis to describe the relationship
between ignition time and moisture content.
The simple linear regression model provided
the best fitting, with coefficients of determ-
inations ranging between 0.70 and 0.97.

Conclusions

In this study, it was observed that method
01M, which uses the same fuel samples
packaged in plastic baskets to determine
moisture content at regular time intervals
(through the differences in their weight), was
not efficient to determine the relationship
between FMC and weather condition para-
meters. This is probably due to the proced-
ure, which can generate great changes in the
original arrangement of the sampling mate-
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rials. Moreover, the weighting process re-
quires the continuous manipulation of the
samples, contributing to a faster loss of their
moisture content and reducing the response
time for moisture absorption. The adoption
of this method, therefore, makes predictions
of FMC based on weather conditions para-
meters unreliable.

Based on the results obtained in this study,
the second methodology (independent
samples collected at pre-determined intervals
of time) has to be preferred for the proposed
goals, showing better results for assessing
the actual fuel moisture content. Moreover, a
stronger relationship was found between
weather condition parameters and FMC es-
timated by method 02M. Therefore, the use
of meteorological parameters for the predic-
tion of FMC (which is one of the most im-
portant factors related to fire propagation)
could greatly improve fire risk assessment,
as well as the work of the technicians re-
sponsible for fire fighting in the area.

The present study was carried out over
only one season (end of summer) with high
fire severity regime. In order to improve our
understanding of the behavior of FMC as a
function of the meteorological variables, fur-
ther studies covering the whole year are
needed, with the aim of developing a reliable
set of predictors and indicators useful in fire
risk assessment and control.

Acknowledgements

This project was made possible, in part,
through the collaboration efforts of the
Foundation for Forestry Research in Parana
(FUPEF) and supported by the Programme

102

AlPan, the European Union Programme of
High Level Scholarships for Latin America,
scholarship n. E07D402548BR.

References

Aguado I, Chuveico E, Boren R, Nieto H (2007).
Estimation of dead fuel moisture content from
meteorological data in Mediterranean areas. Ap-
plications in fire danger assessment. International
Journal of Wildland Fire 16: 390-397. - doi:
10.1071/WF06136

Alves MVG, Koehler HS, Melo FB (2006). Per-
spectives and Tendencies of the Brazilian
Forestry Sector. In: Proceedings of the “Segundo
Congreso Latinoamericano” (INFOR ed). La
Serena (IV Region, Chile), 23-27 October 2006.
INFOR.

Anderson HA, Brown JK (1988). Fuels character-
istics and fire behavior in the wildlands. In: Pro-
ceedings of the of the Symposium and Workshop
“Protecting people and homes from wildfire in
the interior west”, Intermountain Research Sta-
tion GTR-251, pp. 124-130.

Andrews RL (1986). BEHAVE: Fire behavior pre-
diction and fuel modeling. System-Burn subsys-
tem-Part 1, U.S. Department of Agriculture,
Forest Service, Intermountain Forest and Range
Experiment Station, Ogden, UT, USA.

Batista AC (1984). Determinag¢ao de umidade do
material combustivel sob povoamentos de Pinus
taeda, thesis (Mestrado), Universidade Federal
do Parand, Departamente de Ciéncias Floresiatias
e da Madeira, Curitiba, Brazil, pp. 61.

Bessie WC, Johnson EA (1995). The relative im-
portance of fuels and weather on fire behavior in
sub-alpine forests. Ecology 76 (3): 747-762. -
doi: 10.2307/1939341

Blasi C, Bovio G, Corona P, Marchetti M, Matu-

© SISEF http://www.sisef.it/iforest/


http://dx.doi.org/10.1071/WF06136
http://dx.doi.org/10.2307/1939341

rani A (2004). Incendi e complessita ecosistem-
ica. Dalla pianificazione forestale al recupero
ambientale. MATT, Rome, Italy, pp.353.

Brown AA, Davis KP (1973). Forest fire: control
and use (2™ edition). New York, McGraw Hill,
pp. 686.

Burgan R, Rothermel R (1984). BEHAVE: fire
behavior prediction and modeling system-fuel
subsystem. General Technical Report INT-167,
U.S. Department of Agriculture, Forest Service,
Intermountain Forest and Range Experiment Sta-
tion, Ogden, UT.

Burgan RE (1979). Estimating live fuel moisture
for the 1978 National fire-danger rating system.
Gen. Tech. Rep. INT-226, U.S.D.A. Forest Ser-
vice, Intermountain Forest and Range Experi-
ment Station, Ogden, UT, USA, pp. 17.

Chuvieco E, Cocero D, Aguado I, Palacios A, Pra-
do E (2004). Improving burning efficiency estim-
ates through satellite assessment of fuel moisture
content. Journal of Geophysical Research 109: 1-
8. - doi: 10.1029/2003JD003467

De la Riva J, Pérez-Cabello F, Chuvieco E (2005).
Predicting seasonal fuel moisture in the western
United States using end member fractions at mul-
tiple spatial and spectral resolutions. In: Proceed-
ings of the “5th International Workshop on Re-
mote Sensing and GIS Applications to Forest
Fire Management: Fire Effects Assessment”. Za-
ragoza (Spain), June 16-18" 2005, pp. 245-248.

Desbois N, Deshayes M, Beudoin A (1997). Pro-
tocol for fuel moisture content measurements. In:
“A review of remote sensing methods for the
study of large wild land fires” (Chuvieco E ed).
Universidad de Alcala, Alcala de Henares, Spain,
pp. 61-72.

© SISEF http://www.sisef.it/iforest/

Fuel moisture sampling and modeling in Pinus elliottii plantations in Brazil

Dimitrakopoulos AP, Samara EA, Mitsopoulos ID
(2006). Regression models of ignition time
versus moisture content for the litter of Mediter-
ranean forest species. Forest Ecology and Man-
agement 234: S123. - doi: 10.1016/j.foreco.
2006.08.164

Fosberg MA, Lancaster JW, Schroeder, MJ
(1970). Fuel moisture response - drying relation-
ships under standard and field conditions. Forest
Science 16: 121-128.

Gongalves DP, Pedrosa LS, Lopes SMG, Viegas
DX, Lemos LT (2006). The relation between the
moisture content of fine forest fuels and several
forest fire related aspects. In: Proceedings of the
“V International Conference on Forest Fire Re-
search”, Lisboa, pp. 8.

Gould JS, McCaw WL, Cheney NP, Ellis PF,
Knight IK, Sullivan AL (2007). Project Vesta.
Fire in dry eucalypt forest: fuel structure, fuel dy-
namics and fire behaviour. Ensis-CSIRO, Can-
berra ACT, and Department of Environment and
Conservation, Perth, WA.

Longhi SJ (1980). A estrutura de uma floresta nat-
ural de Araucaria angustifolia (Bert.) O. Ktze.,
no sul do Brasil. Thesis (Mestrado em Engen-
haria Florestal), Universidade Federal do Parana,
Curitiba, Brazil, pp.198.

Lopes SMG, Viegas DX, Viegas MT, Lemos, LT
(2006). Moisture content of fine forest fuels in
the central Portugal (Lousa) for the period 1996-
2004. In: Proceedings of the “V International
Conference on Forest Fire Research”, Lisboa, pp.
198.

Maack R (1968). Geografia fisica do estado do
Parana. P. Max Roesner Ed., Curitiba, Brazil.

Nelson RM (2001). Water relations in forest fuels.

103

In: “Forest Fires: Behavior and Ecological Ef-
fects” (Johnson EA, Miyanishi K eds). Academic
Press, San Francisco, USA, pp. 79-143.

Peel MC, Finlayson BL, McMahon TA (2007).
Updated world map of the Koppen-Geiger cli-
mate classification. Hydrol. Earth Syst. Sci. 11:
1633-1644.

Rothermel RC (1972). A mathematical model for
predicting fire spread in wildland fuels. Res. Pap.
INT-115, U.S.D.A. Forest Service, Intermoun-
tain Forest and Range Experiment Station, Og-
den, UT, USA, pp. 40.

Saglam B, Bilgili E,Kuguk O, Dinc Durmaz B
(2006). Determination of surface fuels moisture
contents based on weather conditions. In: Pro-
ceedings of the “V International Conference on
Forest Fire Research”, Lisboa, pp. 9.

Soares RV, Batista AC (2007). Incéndios flores-
tais: controle, efeitos e uso do fogo. FUPEF, Cur-
itiba, Brazil, pp. 264.

Viegas DX, Reis RM, Cruz MG (2004). Calib-
ragdo do sistema canadiano de perigo de incéndio
para aplicacdo em Portugal. Silva Lusitana 12
(1): 77-93.

Wang L, Qu JJ (2007). NMDIL: A normalized
multi-band drought index for monitoring soil and
vegetation moisture with satellite remote sensing,
Geophys. Res. Lett. 34: L20405. - doi:
10.1029/2007GL031021

Yebra M, Chuvieco E, Riafio D (2006). Investiga-
tion of a method to estimate live fuel moisture
content from satellite measurements in fire risk
assessment. Forest Ecology and Management
234: S32. - doi: 10.1016/j.foreco.2006.08.048

iForest (2009) 2: 99-103


http://dx.doi.org/10.1016/j.foreco.2006.08.048
http://dx.doi.org/10.1029/2007GL031021
http://dx.doi.org/10.1016/j.foreco.2006.08.164
http://dx.doi.org/10.1016/j.foreco.2006.08.164
http://dx.doi.org/10.1029/2003JD003467

	Fuel moisture sampling and modeling in Pinus elliottii Engelm. plantations based on weather conditions in Paraná - Brazil
	Introduction
	Materials and methods
	Location
	Climate
	Meteorological data
	Sampling and statistical analysis

	Results and Discussion
	Conclusions
	Acknowledgements
	References


