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Abstract 
The Iberian peninsula has suffered for many years from large scale forest fires, which in the past decades have 

been devastating for all components of the environment: destruction of biological systems, loss of organic 

matter from soils and alteration of atmospheric and climatic processes. 

In this study we analyse the variation in number and burnt areas in the Iberian Peninsula (Portugal and Spain), 

using mathematical functions. The results obtained are compared with other European Mediterranean countries 

such as France, Italy and Greece. More than 1.5 million fires were recorded in the Mediterranean countries 

between 1980 and 2011, involving a burnt area of approximately 15 million hectares, where 67% of the fires 

and 60% of the burnt area lay in the Iberian Peninsula. Upon using the adjustment functions, the evolution of 

the number of fires in the Iberian Peninsula shows a growth rate between 1980 and 2000, while a decline in 

fires was observed after 2001. There is a continuous decrease in burnt area throughout these years.  

The evolution of the number of fires in Spain and Portugal presents a behaviour that is quite similar to that in 

the Mediterranean countries. However, this is not true for the burnt areas, where an increase in Spain from 1980 

to1985 was observed, and this decreased after 1986. Portugal on the other hand presents an increase in burnt 

areas from 1985 to 2003. 
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 Introduction 

 

Spain like Portugal and other Mediterranean countries are suffering the dramatic consequences of the 

forest fires, which in the last years have produced a big deforestation that provokes degradation of the 

environment and important socio-economical losses. Their direct destructive effects are manifested in 

all components of the environment: the vast forest area burnt (forest and scrub); the destruction of the 

fauna; the loss of soil organic matter, with the consequent variation of all its properties and the loss of 

soil quality; and altering atmospheric and climatic processes due to particles and smoke released by 

the fire, which also contains hydrocarbons, greenhouse gases and toxic substances for humans and 

animals In addition, there are indirect effects caused by the destruction of the vegetation cover, which 

leaves the soil unprotected against the impact of the rain, and subsequent post-fire erosion, producing 

the drag of the finest components of topsoil (seeds, organic and inorganic substances) necessary for 

normal development of the vegetation, and in extreme conditions, the irreversible loss of soil and even 

the rock outcrop. The drag of water and sediments caused by the erosion and deposition away from 

the fire epicenter will alter aquatic and marine ecosystems and habitat for fish, shellfish, etc. This has  
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negative social and economic impacts. Consequently, it is of paramount importance to develop 

efficient tools for the integral forest fire fighting. 

Most of the total burned area and the largest numbers of fires in Europe are found in southern European 

countries, namely in Portugal, Spain, France, Italy and Greece. The characteristics that define the fire 

events have been characterised using qualitative or quantitative methods, from local to regional or 

global scales. For example, San-Miguel-Ayanz et al. (2013) published an analysis of trends in the 

number of forest fires and burnt areas in the Mediterranean region (Galicia-Spain, Portugal and 

Greece). Pereira et al. (2011) studied the number of fires per year and burnt area per year for five 

Mediterranean countries (Portugal, Spain, France, Italy and Greece). Sarris and Koutsias (2014) 

investigated correlations between climate, vegetation and fire statistics in four Mediterranean countries 

(Spain, France, Italy and Greece). Oliveira et al. (2012) identified the main structural factors that 

explain the likelihood of fire occurrence at Europan scale (Portugal, Spain, France, Italy, Greece). The 

factors influencing fire occurrence, fire risk, or fire statistics in Mediterranean countries, have been 

investigated at local or regional level by several authors who have focused on Portugal (Viegas et al. 

1992; Moreira et al. 2001), Spain (Chuvieco et al. 2009; Fuentes-Santos et al. 2013; Moreno and 

Chuvieco 2013; Martínez-Fernández et al. 2013; Turco et al. 2013; Martin-Martin et al. 2013), France 

(Ganteaume and Jappiot 2013; Sarris and Koutsias 2014), Italy (Salis et al. 2014), Croatia (Jurjevic et 

al. 2009) and Greece (Koutsias et al. 2012; Koutsias et al. 2013; Sarris and Koutsias 2014; 

Polychronaki and Gitas 2012). 

The principal aim of this paper is to analyse the variation in number of fires and burnt areas in the 

Iberian Peninsula (Portugal and Spain), using mathematical functions. 

  

 Methods 

 

 Study area and fire databases 

The study area for this investigation is the entire Iberian Peninsula (figure 1). This region is located in 

south-western Europe (western Mediterranean Basin), and includes two countries: Portugal and Spain. 

The results obtained are compared with other European Mediterranean countries such as France, Italy 

and Greece. 

 

 

Figure 1. Study area. 

 

In order to compile the required information for the temporal analysis on the variation in number of 

fires and burnt area in the Iberian Peninsula, a fire database for the Iberian Peninsula was developed 

from the information contained in both national official databases. The Spanish Forest Fire Prevention 

Service compiles a fire database based on the forest fire reports by the autonomous regions and 

provinces, since 1968. Data of fire occurrence and burned area in Portugal and Southern most affected 

European Countries (Spain, Portugal, France, Italy and Greece) were obtained from the Autoridade 
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Florestal Nacional (AFN) and from Join Research Center (JRC Tecnical Reports, Forest Fires in 

Europe Middle East and North Africa 2011), respectively. The data series from 1980 to 2011 was used 

in the present study. 

More than 1.5 million fires were recorded in the Mediterranean countries between 1980 and 2011, 

involving a burnt area of approximately 15 million hectares, where 67% of the fires and 60% of the 

burnt area lay in the Iberian Peninsula and 31% of the fires and 36% of the burnt area corresponding 

to Spain. 

 

 Equations 

In this study, data of the number of forest fires and burnt area in the Spain, Portugal, Iberian Peninsula 

and European Mediterranean countries (Portugal, Spain, France, Italy and Greece) from 1980 to 2011 

were fitted to variable-degree polynomials such as: 

 

 f(x) =


n

1i

Ai·x
i-1     (1) 

 

where x = x´ - xo, x´ is the year of study, xo =1979 is the year zero, f(x) is the number of fires or the 

burn area in the study interval. The fitting parameters Ai were computed from the unweighed least-

squares method using a non-linear optimization algorithm. 

 

In addition, the burned area and the number of fires have been considered to assess the evolution of 

forest fires in the different temporal periods. Then, mean number of fires and mean area burned are 

studied in periods of two years, three years, four years, and so on. 

 

 Results 

 

Trends in number of fires and burnt areas in the Iberian Peninsula, Spain and Portugal was analysed. 

The results obtained in this study were compared with the trends followed by the set of several 

Mediterranean countries. Figure 2 shows the annual series of burned area and number of fires in the 

Iberian Peninsula, in España and Portugal, and in the set of Mediterranean countries (España, Portugal, 

France, Italy and Greece). 
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Figure 2. a) Evolution of the forest fire number registered between 1980 and 2011, b) Evolution of the burned area 

between 1980 and 2011. — · · — Set of the mediterranean countries, ——Iberian peninsula, – – – – Portugal, 

······Spain 

 

a) b) 
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It can be seen that the evolution of the number of fires in the Iberian Peninsula shows a growth rate 

between 1980 and 2000, while a decrease of fires is observed after 2001. The number of fires in Spain 

and Portugal has a very similar trend. Moreover, there is a continuing decline in the area burned along 

these years in Spain, Iberia Peninsula and in the set of Mediterranean countries studied. However, it is 

noted that in Portugal the area burned increases smoothly along these years.  

The functions obtained for annual data shown in Figure 2 are compared with the obtained functions 

for the mean data in several time intervals, of between 2 and 5 years, presented in Figure 3. The best 

correlations were obtained with polynomials of degree three for the number of fires and polynomials 

of degree two for area burned. The coefficients of correlation obtained from the fitting curves of degree 

three for the mean number of fires are shown in Table 1. 
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Figure 3- Evolution in several time intervals of the forest fire number registered between 1980 and 2011.  a) 2 years, 

b) 3 years, c) 4 years, d) 5 years. Fitting curves: —— Iberian peninsula, – – – – Portugal, ······Spain.  Mean number of 

fires: ■ Iberian Peninsula, ▲ Portugal, ● Spain. 

Table 1. The correlation coefficients, R2, of the fitting curves of degree three for the number of fires. 

 1 year 2 years 3 years 4 years 5 years 

Iberian Peninsula 0.7163 0.8453 0.8433 0.9752 0.9647 

Portugal 0.7709 0.8568 0.8411 0.9606 0.9466 

Spain 0.6591 0.7967 0.8302 0.9815 0.9849 

a) b) 

c) d) 
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A similar study to that presented in Table 1 for the number of fires was performed to analize the area 

burned. The best results were obtained with a time interval of 4 years, for both the number of fires as 

for the burned area. 

From the fitting curves, the maximum value for the mean number of fires in the Iberian Peninsula is 

about 47 000 fires in 2002, around 28 000 fires in Portugal for 2002, and 22 000 fires in Spain for 

2001. In accordance with real data. 

 

 References 

 

Chuvieco E, González I, Verdú F, Aguado I, Yebra M (2009) Prediction of fire occurrence from live 

fuel moisture content measurements in a Mediterranean ecosystem International Journal of 

Wildland Fire 18, 430–441. 

Fuentes-Santos I, Marey-Pérez MF, González-Manteiga W (2013) Forest fire spatial pattern analysis 

in Galicia (NW Spain) Journal of Environmental Management 128, 30-42. 

Ganteaume A, Jappiot M (2013) What causes large fires in Southern France Forest Ecology and 

Management 294, 76–85. 

García Lázaro JR, Moreno Ruiz JA, Arbeló M (2013) Effect of spatial resolution on the accuracy of 

satellite-based fire scar detection in the northwest of the Iberian Peninsula International Journal of 

Remote Sensing 34, 4736–4753. 

Jurjevic P, Vuletic D, Gracan J, Seletkovic G (2009) Forest fires in the Republic of Croatia (1992-

2007) Sumarski List 133, 63-72. 

Koutsias N, Arianoutsou M, Kallimanis AS, Mallinis G, Halley JM, Dimopoulos P (2012) Where did 

the fires burn in Peloponnisos, Greece the summer of 2007? Evidence for a synergy of fuel and 

weather Agricultural and Forest Meteorology 156, 41– 53. 

Koutsias N, Xanthopoulos G, Founda D, Xystrakis F, Nioti F, Pleniou M, Mallinis G, Arianoutsou M 

(2013) On the relationships between forest fires and weather conditions in Greece from long-term 

national observations (1894–2010) International Journal of Wildland Fire 22, 493–507. 

Martinez-Fernandez J, Chuvieco E, Koutsias N (2013) Modelling long-term fire occurrence factors in 

Spain by accounting for local variations with geographically weighted regression Nat. Hazards 

Earth Syst. Sci. 13, 311–327. 

Martín-Martín C, Bunce RGH, Saura S, Elena-Rosselló R (2013) Changes and interactions between 

forest landscape connectivity and burnt area in Spain Ecological Indicators 33, 129– 138. 

Moreira F, Rego FC, Ferreira PG (2001) Temporal (1958–1995) pattern of change in a cultural 

landscape of northwestern Portugal: implications for fire occurrence Landscape Ecology 16, 557–

567. 

Moreno MV, Chuvieco E (2013) Characterising fire regimes in Spain from fire statistics International 

Journal of Wildland Fire 22, 296–305. 

Oliveira S, Oehler F, San-Miguel-Ayanz J, Camia A, Pereira JMC (2012) Modeling spatial patterns of 

fire occurrence in Mediterranean Europe using Multiple Regression and Random Forest Forest 

Ecology and Management 275, 117–129. 

Pereira MG, Malamud BD, Trigo RM, Alves PI (2011) The history and characteristics of the 1980–

2005 Portuguese rural fire database Nat. Hazards Earth Syst. Sci. 11, 3343–3358. 

Polychronaki A, Gitas IZ (2012) Burned area mapping in Greece using SPOT-4 HRVIR images and 

object-based image analysis Remote Sens. 4, 424-438. 

Rego F, Catry FX, Montiel C, Karlsson O (2013) Influence of territorial variables on the performance 

of wildfire detection systems in the Iberian Peninsula Forest Policy and Economics 29, 26–35. 

Román MV, Azqueta D, Rodrígues M (2013) Methodological approach to assess the socio-economic 

vulnerability to wildfires in Spain Forest Ecology and Management 294, 158–165. 

Salis M, Ager AA, Finney MA, Arca B, Spano D (2014) Analyzing spatiotemporal changes in wildfire 

regime and exposure across a Mediterranean fire-prone area Natural Hazards 71, 1389-1418. 

http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=R1in5hOIs6kiAUcr6ro&field=AU&value=Jurjevic,%20P
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=R1in5hOIs6kiAUcr6ro&field=AU&value=Vuletic,%20D
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=R1in5hOIs6kiAUcr6ro&field=AU&value=Gracan,%20J
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=R1in5hOIs6kiAUcr6ro&field=AU&value=Seletkovic,%20G


 Chapter 6 – Forest Management 

 

 Advances in Forest Fire Research – Page 1633 

 

San-Miguel-Ayanz J, Manuel Moreno J, Camia A (2013) Analysis of large fires in European 

Mediterranean landscapes: Lessons learned and perspectives Forest Ecology and Management 294, 

11-22. 

Sarris D, Koutsias N (2014) Ecological adaptations of plants to drought influencing the recent 

fireregime in the Mediterranean Agricultural and Forest Meteorology 184, 158– 169. 

Turco M, Llasat MC, Tudela A, Castro X, Provenzale A (2013) Decreasing fires in a Mediterranean 

region (1970–2010, NE Spain) Nat. Hazards Earth Syst. Sci. 13, 649–652. 

Viegas DX, Viegas TP, Ferreira AD (1992) Moisture content of fine forest fuels and fire occurrence 

in central Portugal International Journal of Wildland Fire 2, 69–85. 

 




