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Abstract

The fire regime in Portugal presents a marked annual cycle that is here characterized based on values of
radiant energy released by wildfires as detected by Meteosat geostationary satellites. The role played by
meteorological conditions in the fire regime is then analyzed from the point of view of synoptic climatology.
For this purpose, we use 10 Lamb circulation weather types (CWTS) that are grouped into 8 directional types,
associated to the cardinal and intercardinal directions of the geostrophic flow, and 2 rotational types (cyclonic
and anticyclonic), associated to the positive and negative signs of geostrophic vorticity.

The study covers the 14-year period from January 2004 to December 2017. The monthly distribution of
total fire radiative energy presents large values during the fire season (defined by the months spanning from
July to October), with a very strong peak located in August. A secondary peak, located in March, is also
clearly visible. The number of fire days (i.e. days where there is a recorded release of fire energy in Portugal)
during the fire season represents 56% of the total number of fire days but contributes to 92% of the total Fire
Radiative Energy (FRE) released by wildfires.

When analyzing the fire season from the point of view of CWTs, results indicate that 61% of the FRE
released in 2004-2017 is observed in days characterized by directional types NE and E that just occur in 28%
of the fire days. The contrast is especially marked when restricting to the E type that occurs only in 8% of the
fire days but contributes to 25% of the energy released. In turn, the dominant anticyclonic type, that occurs
in 31% of the fire days, contributes to just 15% of the total FRE. The role played by the different CWTs is
also noticeable in March, where fire days represent 36% of all March days and contribute to 2% of the total
energy released in 2004-2017. Types E and SE that occur only in 14% of the fire days are responsible for
71% of the total FRE in March and more than half (37%) of this amount is released in days of type SE that
are observed only in 5% of the days.

The importance of the contribution of NE and E types for the fire regime in Portugal is enhanced when
restricting to the days with extreme release of energy. The distribution of daily FRE is long tailed with 5% of
the extreme fire days (113 days) accounting for 69% of the total FRE. A very large proportion (96%) of these
extreme days took place in the fire season, namely in August (62%), July (20%), September (9%) and October
(6%). Almost two thirds (66%) of the released energy by extreme events are associated to directional types
NE (36%) and E (30%).

Keywords: fire regime, fire radiative energy, circulation weather types, fire meteorology

1. Introduction

The tragic dimension of the fire events of 2017 in Portugal, both in terms of loss of human lives and
of economic and social harm, has put at stake long-term established policies of fire management and
has uncovered the vulnerabilities at the structural and operational levels of the current system of fire
prevention and combat. Today, more than ever, there is a crucial need for reliable meteorological
information, namely on the impact of prevailing weather conditions on fire behavior that will assist
decision makers in taking preventive measures (e.g. prescribed fires) and in allocating resources to be
employed.

The establishment of an optimal system of fire prevention and combat requires, in particular, having
a thorough understanding of the factors playing a major role in extreme fire seasons characterized by
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an anomalously high or low number of ignitions, by very large or small amounts of burned area or by
catastrophic or negligible impacts on the landscape or socio-economic activities. In this work, the fire
regime in Portugal will be analyzed using daily values of fire radiative energy (FRE) released by
wildfires as detected from radiometers on-board of geostationary satellite platforms. FRE is a physical
property that has the advantage of being related to the amount of fuel burned and has been used as a
proxy of fire line intensity in fire management and firefighting studies (Johnston et al., 2017).

Meteorological and climatic factors play a crucial role in fire behavior in Portugal. For instance,
more than 2/3 of the inter-annual variability of burned area is explained by meteorological factors
namely i) the temperature and precipitation regimes of the spring preceding the fire season and ii) the
occurrence during the fire season of circulation patterns of short-duration that induce extremely hot
and dry spells over western Iberia (Pereira et al., 2005; Pereira et al., 2013).

The aim of this work is to assess the role played by meteorological conditions in the fire regime in
Portugal. For this purpose, we adopt the point of view of synoptic climatology and use circulation
weather types (CWTSs) originally developed for the British Isles and later adapted to Portugal (Trigo
and DaCamara, 2000). The versatility of this tool has already proven successful in a wide range of
studies in Portugal and the Iberian Peninsula that include the precipitation regime (Trigo and
DaCamara, 2000) and lightning activity (Ramos et al., 2011) in Portugal, and, for Iberia, the spatial
variability of precipitation (Ramos et al., 2014) and drought (Russo et al., 2015), wildfire activity
(Trigo et al., 2013) and upwelling activity along the western coast of Iberia (Ramos et al., 2013). Here,
the impact of weather on wildfire activity is assessed by systematically comparing the contributions
of the different CWTs to the FRE released by wildfires, special attention being devoted to CWTs
associated to extreme fire days, defined as the top 5% of days with largest released FRE.

2. Data and methods

Daily values of radiative energy released by wildfires in Portugal covering the 14-year period 2004-
2017 were extracted from the Fire Radiative Power (FRP) product (Wooster et al., 2015) of
EUMETSAT Satellite Application Facility on Land Surface Analysis (LSA SAF) that is based on
information provided by the SEVIRI radiometer on-board Meteosat Second Generation (MSG) series
of geostationary satellites operated by EUMETSAT (Trigo et al. 2011).

Classification of daily weather is based on Lamb circulation weather types (CWTs) as derived from
sea level pressure fields covering the same period. Daily values of surface pressure were extracted
from the ERA Interim reanalysis dataset (Dee et al., 2011) generated by the European Centre for
Medium-Range Weather Forecasts (ECMWEF).

As for the Lamb CWTs developed for the UK, the CWTs for Portugal are grouped into 8 directional
(NE, E, SE, S, SW, W, NW and N) associated to the cardinal and intercardinal directions of the
geostrophic flow, and 2 rotational types (cyclonic and anticyclonic) according to the two signs of
geostrophic vorticity (Trigo and DaCamara, 2000).

3. Results

The monthly distribution of fire days (i.e. days where there is a recorded release of FRE by wildfires
in Portugal) presents large values (above 200 fire days) during the period from July to October,
hereafter referred to as the fire season (Figure 1, upper panel); the peak in August is closely followed
by July. There is a secondary peak, located in March, with the number of fire days slightly above 150
and the remaining months present values below this threshold.
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Figure 1 - Monthly distribution of fire days (upper panel) and of associated total fire radiative energy (lower panel)
during the period 2004-2017.

The monthly distribution of total FRE (Figure 1, lower panel) is consistent with that of fire days
with the higher values occurring during the fire season with a peak in August, and with a secondary
peak in March; however, the peak in August of FRE is conspicuously high.

It is worth noting that the annual cycle of FRE is much more pronounced than that of fire days. For
instance, the fire season contains 56% of all fire days in 2004-2017 but contributes to 92% of the total
FRE (4.6x10" GJ), with August representing 17% of all fire days (30% days of the fire season) and
contributing to 54% of total FRE (and 58% of FRE in the fire season).

The role played by meteorological conditions in the fire regime was analysed by comparing the
relative frequency of occurrences of each CWT in each month with the relative contribution of that
CWT to the total FRE of the considered month (Figure 2).

From June to October the number of fire days in each month represents always more than 49% of
the total number of days of that month, with July and August having each more than 85% of fire days.
Fire days in March represent 36% of days and, in the remaining months, they represent less than 30%
of the days of the respective month (a minimum of 15% being observed in January).

The anticyclonic (A) type is the most frequent CWT in fire days of all months except August when
the NE type presents a slightly higher frequency of occurrence; however, the relative contribution of
A to FRE is always lower that the relative frequency indicating that fire events associated to the A type
tend to release lower values of radiative energy. The same happens with CWTSs characterized by winds
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with a westerly component (SW, W and NW) as well as with the N type that is more frequent from
May to August and, together with the A type is associated to days with a moderate release of FRE.

An opposite behavior is observed with CWTs characterized by winds with an easterly component
(NE, E and SE) where the relative contributions to the monthly total of FRE are almost always larger
than the respective relative frequency of occurrence, namely the E type in all months, the NE type
from December to January and from May to August, and the SE type from December to June. The C
type presents larger contributions to FRE than the relative frequency of occurrences in March, June
and July and the same happens in April, June and September.

When analysing the whole fire season (Figure 3), results indicate that 61% of FRE released in the
fire season is observed in days characterized by directional types NE and E that occur in less than half
that fraction (29%) of the days. When considering type E alone, one fourth (25%) of the energy
released is associated to less than three times that fraction (8%) of days of type E. On the other hand,
the dominant A type occurs in 31% of the days but contributes to only 15% of the total FRE.
Directional type N that ranks third (after NE) occurs in 14% of the days and account for 11% of the
released energy. Directional types with a westerly component (SW, W and NW) representing 16% of
the days contribute to 6% of FRE.

March, being the month with secondary peaks in fire days and released energy is also worth being
analyzed in detail. As shown in Figure 1, the total FRE released in March is 1x108 GJ, representing
2% of the total energy released in 2004-2017. Types E and SE that occur only in 14% of the days are
responsible for 71% of the total FRE more than half (37%) of this amount being released in days of
type SE that are observed only in about 5% of the days.
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Figure 2 - Monthly analysis of contributions of CWTs to FRE during the period 2004-2017. For each CWT, the white
column represents the fraction of days of that type during the considered period and the dark grey column represents
the corresponding associated fraction of FRE
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Figure 3 - As in Figure 2 but for the fire season (July to October).

It is a well-known fact that a relatively small number of wildfires are responsible for a very high
proportion of the total energy released (Pinto et al., 2018). The distribution of daily FRE is therefore
long tailed and this is put into evidence by means of the extreme proportion function (Figure 4) that is
defined as the proportion of FRE attributable to the largest percentage of the fires (Strauss et al., 1989).
The long-tailed character of the distribution of daily FRE translates into the very sharp increase of the
extreme proportion curve for values of fraction of fire days within the range from 0 to about 0.1. For
instance, it may be noted that 1% of fire days (23 days) account for 31% of the total FRE, 2% of fire

days (45 days) account for 45% of the total FRE and 5% of fire days (113 days) account for 69% of
the total FRE.
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Figure 4 - The extreme proportion function for daily FRE released by wildfires during 2004-2017.

These results strongly suggest analysing in further detail the role played by meteorological
conditions in days characterized by extremely high amounts of released energy by wildfires, e.g.
restricting the sample to the top 5% of fire days with the largest values of FRE. The clear majority
(96%) of these extreme fire days takes place during the fire season, with 62% occurring in August,
followed by July (19%), September (9%) and October (6%), and the remaining 4% of events are evenly
distributed in March and June. Concerning the relative frequency of occurrence and the relative
contribution to the FRE (Figure 5), it is worth emphasizing that two thirds (66%) of the released energy
in extreme days are associated to directional types NE (36%) and E (30%) with a frequency of
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occurrence of 62%. These results put into evidence the role of NE and E types in days of extreme fire
events.
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Figure 5 - As in Figure 2 but for the extreme fire days (top 5%).

4. Concluding remarks

The fire regime in Portugal presents a marked annual cycle both in terms of number of fire days
and in the amount of energy released by wildfires. The role of meteorological conditions in modulating
the fire regime was assessed using the approach of synoptic climatology where daily weather
conditions are stratified into eight directional weather types (associated to the prevailing wind
direction) and two rotational types (associated to the sign of vorticity, i.e. cyclonic C or anticyclonic
A).

The analysis encompassed the period 2004-2017 and results obtained showed that despite being the
most frequently occurring Circulation Weather Type (CWT) in all months but August (where it ranks
very close to first), the anticyclonic (A) type always contributes in a lower proportion to the Fire
Radiative Energy (FRE) released by fires. On the contrary, the relative contribution of type E to FRE
is larger than the frequency of occurrence in all months and the same happens with the remaining two
CWTs characterized by an easterly wind component, namely the NE type from December to January
and from May to August, and the SE type from December to June. The role played by CWTs
characterized by east wind is further emphasized when restricting to the top 5% of days with largest
release of FRE; in this case, two thirds of the released energy are associated to directional types NE
and E.

These results open an interesting perspective for future studies involving seasonal forecasts and
model simulations of present climate and future scenarios where approaches based on weather types
have proven to be a useful tool for model validation (Ramos et al., 2015). This is especially important
given that according to different scenarios of future climate in the Mediterranean, extreme fire events
are likely to become more frequent (Flannigan et al., 2013; Pereira et al., 2013; Sousa et al., 2015).
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