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Figure 1. Mainland Portuguese administrative regions (districts) superimposed with the 

total burned area (a) for June (54 953.2 ha) and (b) October 2017 (313 794.3 ha) (only 

the major wildfires were considered).

INTRODUCTION

Forest fires though part of a natural forest renewal process, when frequent and assuming large-scale proportions have detrimental impacts on biodiversity, agroforestry systems, soil erosion, air and water quality, infrastructures, and economy. Portugal (PT)

endures extreme forest fires, with a record of burned area in 2017. These extreme wildfire events (EWE) concentrated in few days but with high burned areas, are among other factors, linked to severe fire weather conditions. A daily analysis for the so-

called Pedrogão Grande wildfire (June 17th) and the October major fires (October 15th) included the comparison between several fire danger: the Fire Weather Index (FWI), Continuous Haines Index (CHI), Keetch-Byram drought index (KBDI), Burning Index

(BI), Fire Danger index (FDI), the Spread Component (SP) and Ignition Component (IC).

MATERIALS AND METHODS

The FWI, was developed by the Canadian Forest Service Fire Weather Index Rating System and is a combination of four weather variables observations (air temperature, relative humidity, wind and rain) that in a recursive way give raise to a set of three fuel

moisture codes: the fine fuel moisture code (FFMC), the duff moisture code (DMC) and the drought code (DC); which in turn are used to compute two fire behavior indices: the initial spread index (ISI) and the buildup index (BUI). With these latter indices

the FWI is finally attained for a certain day to produce a general fire intensity potential (Table 1).

The CHI is a combination of two terms, a continuous stability term, ca and a continuous moisture term, cb computed with air temperatures at different pressure levels and the dew point (Table 2). Like CHI the KBDI is a continuous index, linked to the

flammability of organic material in the ground and attempts to measure the amount of precipitation necessary in order to the soil return to saturated conditions (Table 3). BI is a function of a fuel model (e.g., live, and dead fuel moistures) and weather

conditions. Following the instructions of the U.S. Forest Service regarding the fire behavior and its suppression the BI can be interpreted following Table 4, and it will give, a number related to the contribution of fire behavior to the effort of containing it.

FWI Color code Interpretation

0 – 8.5 Green Very low

8.5 – 17.3 Yellow Low

17.3 – 24.7 Light orange Moderate

24.7 – 38.3 Orange High

38.3 – 50.1 Red Very high

50.1 – 64 Dark red Extreme/Maximum

>64 Brown

Table 1. Fire Weather index (FWI) scale and interpretation.

CHI Probable fire behavior and fire prediction reliability

<4 Easily controlled fire. Models easily predict the path of the fire.

4 – 8 Fires can be difficult to control, and its behavior can be erratic. It is 
likely the modeling of the behavior of the fire is close to reality.

8 – 10
Fires will be difficult to control, and the behavior of the fire will be 

erratic. It is likely that modeling the behavior of the fire 
underestimate reality.

>10 Fires uncontrollable and extremely difficult to extinguish. Modeling of 
the fire behavior dramatically underestimate reality.

Table 2. Continuous Haines index (CHI) scale and interpretation.

Regarding the SC (not shown), this variable is a measure of the speed at which the head fire will spread and is numerically equal to the theoretical ideal rate of spread expressed in feet-per-minute

however is considered as a dimensionless variable. The IC (not shown) was also going to be analyzed and measures the probability (therefore ranges from 0 to 100%) of a firebrand to require a suppression

action. Lastly, the FDI is integrated within the Australian McArthur Mark5 Rating System or has already stated FFDI and is an index associated to the danger conditions prone to a fire to start, its rate of

spread, its intensity, and the difficulty of its suppression. Like other preferred indices it is open ended though a value equal or above 50 is consider as indicative of extreme danger of wildfire in most

vegetation (Table 5).

BI Fire behavior and suppression

<40 Fires can be attacked at the head or flanks by firefighters 
using hand tools. Hand line should hold the fire.

40 – 80

Fires are too intense for direct attack on the head by 
firefighters using hand tools. Hand line cannot be relied on 

to hold fire. Equipment such as dozers, pumpers, and 
retardant aircraft can be more effective.

80 – 110
Fires may present serious control problems torching out, 

crowning, and spotting. Control efforts at the fire head will 
probably be ineffective.

>110 Crowning, spotting, and major fire runs are probable. 
Control efforts at the head of the fire are ineffective.

Table 4. Burning index (BI) scale and interpretation (adapted from the
traditional U.S. Forest Service interpretation of Burning Index).

KBDI Fire behavior and suppression

0 – 50
Soil moisture and large class fuel moistures are high and do 

not contribute much to fire intensity. Typical of spring dormant 
season following winter precipitation.

50 – 100
Typical of late spring, early growing season. Lower litter and 

duff layers are drying and beginning to contribute to fire 
intensity.

100 – 150 Typical of late summer, early fall. Lower litter and duff layers 
actively contribute to fire intensity and will burn actively.

150 – 200

Often associated with more severe drought with increased 
wildfire occurrence. Intense, deep burning fires with 

significant downwind spotting can be expected. Live fuels can 
also be expected to burn actively at these levels.

Table 3. Keetch-Byram drought index (KBDI) scale and interpretation (adapted
from the traditional U.S. Forest Service interpretation of KBDI).

FDI Color code Interpretation

0 – 5 Green Low

5 – 12 Blue Moderate

12 – 24 Yellow High

24 – 50 Orange Very High

>50 Red Extreme

Table 5. Fire Danger index (FDI) scale and interpretation
(Adapted from Luke and MacArthur).

Figure 2. Daily mean values for June (a, f) 16th, (b, g) 17th, (c, h) 18th, (d, i) 19th and (e, j) 20th, 2017, for 

FWI (upper row) and CHI (lower row).

.
Figure 3. Daily mean values for June (a, f, k) 16th, (b, g, l) 17th, (c, h, m) 18th, (d, i, n)
19th and (e, j, o) 20th 2017, for KBDI (upper row), BI (middle row) and FDI (lower row).

Figure 4. Daily mean values for October (a, d) 14th, (b, e) 15th and
(c, f) 17th, 2017, for FWI (upper row) and CHI (lower row).

Figure 5. Daily mean values for October (a, d, g) 14th, (b, e, h) 15th,
(c, f, i) 16th, 2017, for KBDI (upper row), BI (middle row) and FDI
(lower row).

RESULTS AND CONCLUSIONS

The scope of this study was the EWE in 2017, which have had two major events that have impacted the central region of Portugal

(Figure 1). This assessment is going to be between June 16th to the 20th and between October 14th to the 16th, 2017. Within these time

periods the most catastrophic fire events (owing to the total burned area and human fatalities) have occurred on July 17th (commonly

known as the Pedrógão Grande wildfire) and October 15th, 2017. During these two days the total burned area in October, was above 500

kha and was concentrated in the districts of Coimbra, Guarda, Castelo Branco, Leiria, Viseu and Aveiro in the Centre of Portugal (Figure

1).

The assessment of FWI revealed increasing daily values between June 16th until 19th in the Centre of Portugal (Figures 2a ‒ e), as well

as between June 14th until 15th (Figures 4a ‒ c). This was also depicted for CHI (Figures 2f ‒ f), and its components linked to instability,

namely ca, and cb associated to the dryness in the lower troposphere (not shown). These factors have contributed to a significant

increase in the danger of occurrence of wildfires throughout the country, especially relevant on the afternoon of June 17th, 2017.

The outcomes also allowed to conclude that the spatial distribution of FDI has the best performance in capturing the locations of the

occurrence of the two EWEs’ (Figures 3a ‒ e; 5a ‒ c). The higher IC values for October clearly portrays the areas affected by the October

15th wildfires (not shown) with high values (30‒59 %) pointing out to a high effort to suppress it. The spatial patterns for SC also indicate

high values associated to high velocities in the spread of these fires (not shown) for the same target areas. Though the remaining indices

KBDI (Figures 3f ‒ e; 5d ‒ f) and BI (Figures 3k ‒ o; 5g ‒ i) are informative, being FWI, FDI and BI statistically highly correlated (not

shown), they lack some accuracy that can be achieved with a calibration procedure that leads to a new improved class divisions.

Overall, the implementation of a multi-index’s methodology might be a highly relevant tool for Portugal, whose complex orography

and land cover, along with the projected increase in temperatures and intensification in duration and frequency of drought conditions

will lead to an increase in conditions prone to the occurrence of EWE. A new forecast system, that does not relay only on FWI, though

CHI is operationally available can help ensuring the development of appropriate spatial preparedness plans, proactive responses by the

civil protection regarding firefighter’s management, suppression efforts, and alert communities in order to minimize the detrimental

impacts of wildfires in Portugal. Lastly, the forecast of the spatial distribution of these events can also be a key factor for a better land

management policy, as well as the planning of the country's forest cover (more fire resilient species).
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