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Introduction

• We want to characterize in an objective form the possibility of 
having a fire in a given region under specific conditions.

• We assume that the risk of having a fire depends greatly on 
the weather conditions (climate and meteorology), but also in 
the vegetation cover, land use, fire management and socio 
economic conditions of the region.
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• The risk of fire is expressed in a scale of classes: 
– low, 
– normal, 
– high, 
– very high, 
– extreme.
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• The characterization of these classes is very much 
dependent on the properties of each region.



• If we are using a fire danger index based on meteorological 
data we have to calibrate it to take into account the specific 
properties of that region.

• In the first place we have to chose a method to estimate the 
fire danger index.
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The Fire Weather Index
• There are several fire danger indexes available in the

literature.

• In a study that was done in the scope of an EU project a 
comparative analysis between several methods to estimate
the fire danger based on meteorological parameters was
performed.

• We found that the best performing was the Canadian Fire
Danger Rating System. 
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Regions that were 
considered in the 
comparative study
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Methods considered in the comparative study
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Country Method Remark

Canada Fire Weather Index Cumulative

France Risque Numérique Cumulative

Italy IREPI Cumulative

Portugal Modified Nesterov Index Cumulative

Spain ICONA Index Non cumulative
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Best performing method in each region and season

Region Season Best Index
Veneto Nesterov

Savona IREPI
A. H. P.

Winter

FWI
Savona Nesterov
B. Rhone, Var, E. Pyrenees FWI
Central Portugal

Summer

FWI



• As a consequence of this work in 1993 we recommended to 
the EU that the FWI be adopted as a common method in 
Europe. Nowadays the FWI is established as a common 
language both in science and in practice.

• We actually repeated this comparison in other situations with 
several other methods and found similar results.
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Structure of the 
Canadian FDR 
System
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The fuel moisture codes
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The FFMC as an 
estimator of dead 
pine needles 
moisture content

The ISI as an 
estimator of the ROS 
of shrub vegetation in 
field experiments
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Role of DC

Overall assessment 
of the fire season Estimation of the 

FMC of shrub 
vegetation
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FWI Class limits proposed by Van Wagner
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1974 1987
From To From To

Very Low 0 1 0 1

Low 2 5 2 4

Moderate 6 12 5 8

High 13 24 9 16

Very High 17 29

Extreme 25 30



Calibration of the FWI

• In order to calibrate the FWI we propose to use historical data 
on fire occurrence (number of daily fires and burned area) in 
the same region.

• These data incorporate most of the structural factors: land
cover, fire activity, fire management and suppression
capacity, etc.
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Number of fires 
per year in 
Portugal from 
1980 to2014
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Burned area per 
year in Portugal 
from 1980 to 2014



Calibration for Portugal at District level in 1999
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Data from 15 May to 15 Sept. of 1988 to 1996
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1 2 3 4
L M H VH

1 Viana do Castelo 15 20 30 40
2 Braga 5 20 30 40
3 Porto 8 20 25 40
4 Vila Real 25 40 50 65
5 Bragança 25 30 40 45
6 Aveiro 5 10 20 35
7 Viseu 20 30 47 55
8 Guarda 10 25 45 60
9 Coimbra 17 23 30 46
10 Leiria 5 20 35 55
11 Castelo Branco 30 35 45 60
12 Lisboa 25 40 50 60
13 Santarem 25 40 60 70
14 Setubal 20 30 40 45
15 Portalegre 40 65 70 85
16 Évora 36 47 65 75
17 Beja 20 50 60 90
18 Faro 15 45 80 95

Re
f. District

1988‐96



Calibration for Portugal in 2015

– In 2015 a new calibration was performed using a new set of data from 
a different period and many more weather data.

– The same methodology for calibration was used in this study as well.
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Burned areas in Portugal in 
the period from 2000 to 
2013
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Weather stations that were 
taken into consideration in the 
second calibration.

The FWI was calculated for the 
Geometrical center of each 
District using interpolation of 
meteorological data from 
nearby stations.
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Results 
from the two 
calibrations
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1 2 3 4 1 2 3 4
L M H VH L M H VH

1 Viana do Castelo 15 20 30 40 10 15 30 45
2 Braga 5 20 30 40 10 15 30 45
3 Porto 8 20 25 40 8 15 25 40
4 Vila Real 25 40 50 65 13 20 30 50
5 Bragança 25 30 40 45 23 30 45 55
6 Aveiro 5 10 20 35 10 17 23 40
7 Viseu 20 30 47 55 15 25 45 70
8 Guarda 10 25 45 60 8 15 25 50
9 Coimbra 17 23 30 46 15 22 30 45
10 Leiria 5 20 35 55 15 25 30 50
11 Castelo Branco 30 35 45 60 20 35 45 60
12 Lisboa 25 40 50 60 25 35 50 70
13 Santarem 25 40 60 70 25 33 50 60
14 Setubal 20 30 40 45 30 40 55 70
15 Portalegre 40 65 70 85 35 50 65 75
16 Évora 36 47 65 75 40 50 65 75
17 Beja 20 50 60 90 40 50 65 75
18 Faro 15 45 80 95 30 40 60 75

Re
f. District

1988‐96 2000‐12



Variation 
between both 
calibrations
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1 2 3 4
L M H VH

1 Viana do Castelo ‐5 ‐5 0 5
2 Braga 5 ‐5 0 5
3 Porto 0 ‐5 0 0
4 Vila Real ‐12 ‐20 ‐20 ‐15
5 Bragança ‐2 0 5 10
6 Aveiro 5 7 3 5
7 Viseu ‐5 ‐5 ‐2 15
8 Guarda ‐2 ‐10 ‐20 ‐10
9 Coimbra ‐2 ‐1 0 ‐1
10 Leiria 10 5 ‐5 ‐5
11 Castelo Branco ‐10 0 0 0
12 Lisboa 0 ‐5 0 10
13 Santarem 0 ‐7 ‐10 ‐10
14 Setubal 10 10 15 25
15 Portalegre ‐5 ‐15 ‐5 ‐10
16 Évora 4 3 0 0
17 Beja 20 0 5 ‐15
18 Faro 15 ‐5 ‐20 ‐20

Variation

Re
f. District



Harmonization between Portugal and Spain
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Selection of weather stations 
on both sides of the border
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Different fire regimes in both sides of the border:
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Initial Step                         Harmonized values
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Assessment of overall adjustment
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Before                                                        After



Conclusion

• The Canadian FWI is a good method to estimate the fire
danger in a given region.

• For it to be effective it needs to be calibrated in each case 
using historical data to take into account the meaning of the
meteorological parameters and the role of structural factors.

• The proposed methodology seems to be consistente and
stable. 
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• It is possible to apply this method also to neighbouring regions 
in order to harmonize the operational use of the fire danger.

• We intend to extend this analysis to other regions of Europe.

GWIS DX Viegas Chile 16-11-16 37



References

GWIS DX Viegas Chile 16-11-16 38

• Bachmann A., Allgower B. (2001) A consistent wildland fire risk terminology is
needed! Fire Management Today 61, 28–33.

• Bachmann A., Allgower B. (1999) The need for a consistent wildfire risk terminology.
The Joint Fire Science Conference and Workshop, Boise, Idaho, U.S.A.

• Van Wagner, C.E. 1987. Development and structure of the Canadian Forest Fire
Weather Index System. Can. For. Serv., Ottawa, Ontario. For. Tech. Rep. 35. 34 p.

• Viegas DX, Bovio G, Ferreira A, Nosenzo A & Sol B, 1999. Comparative Study of
Various Methods of Fire Danger Evaluation in Southern Europe. International Journal
Wildland Fire 9(4): 235-246, 1999.

• Viegas DX, Piñol J, Viegas MT & Ogaya R, 2001. Estimating live fine fuels moisture
content using meteorologically-based indices. International Journal of Wildland Fire
10(2): 223-240, 2001.

• Viegas DX, Reis RM, Cruz MG & Viegas MT, 2004. Calibração do Sistema
Canadiano de Perigo de Incêndio para aplicação em Portugal. Silva Lusitana. Vol.
12, nº1, Junho 2004.

• Viegas DX, 2016. Development and testing of the fire risk indexes. Deliverable
D.03.01 of Spitfire project (Project SpitFire - Spanish-Portuguese Meteorological
Information System for Trans-Boundary Operations in Forest Fires
ECHO/SUB/2014/693768)



GWIS DX Viegas Chile 16-11-16 39







GWIS DX Viegas Chile 16-11-16 42

LEIF 
2014

Forest Fire Research Laboratory
Lousã (Portugal)



GWIS DX Viegas Chile 16-11-16 43



GWIS DX Viegas Chile 16-11-16 44



Chile 16-11-16

Gestosa 2002
31st May 2002

Field experiments

GWIS DX Viegas 45



Chile 16-11-16

Observation of real fires
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