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Abstract 

Climate and weather are two of the main key factors influencing fire regime and they have 

a number of different effects on fire. The objective of this work is to improve our 

knowledge of the relationship between meteorological variables and forest fire across 

Italian peninsula. In the first part of this work, we collected meteorological and fire events 

data. The second part of the work involved the assemblage of fire and weather data into a 

GIS to facilitate manipulation and display of the data and the classification of Italian 

peninsula in homogeneous climatic areas, through hierarchical cluster analysis of 

meteorological data. A set of parametric and not parametric statistical tests were used to 

analyse the fire-weather relathionships. The results showed that both fire number and 

burned area are highly related with rainfall in summer and winter, considering both 

peninsular Italy and each cluster. The results confirmed the crucial role of high resolution 

datasets in analyzing fire and weather trends and relationships, and could be promisingly 

applied as input to develop and calibrate models for studying the impacts of climate change 

on fires. 
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1. INTRODUCTION 

Fire is one of the most frequent and widespread ecosystem disturbing phenomena (Bowman 

et al. 2009; Krawchuk et al. 2009), in particular in areas with a Mediterranean climate 

(Keeley et al. 1999; San Miguel and Camia 2009; van Wilgen et al. 2010). According to 

several studies, the Mediterranean Basin wooded areas affected by fires cover annually an 

area of 1000 x 10
3
 ha, causing significant economic and ecological damage (Velez 1997). 

On average, from 2000 to 2005, about 95,000 fires occurred annually in 23 European 

countries, burning almost 600,000 ha of forest land every year. Within these, about two-

thirds (65,000 fires) occurred in 5 Euro-Mediterranean countries (France, Greece, Italy, 

Portugal, and Spain) where, on average, half a million hectares of forest land were burned 

every year (Barbosa et al. 2008). 

Climate and weather are two of the main key factors influencing fire regime and they have 

a number of different effects on fire. Weather determines fuel moisture, influences 

lightning ignitions, and contributes to fire growth through wind action (Carvalho et al. 

2008). Worldwide, a number of studies have analyzed the relationship between weather and 

forest fires but only few analyzed this relationship in Mediterranean ecosystems and at 

broader scale.  

In Spain, Vázquez and Moreno (1993) showed strong relationships between temperature 

and precipitation variables, particularly of extreme values of these variables and burned 

http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DBarbosa,%2520Paulo%26authorID%3D7101797573%26md5%3D0d0d7c07907bb3ed595798ba684ff4ae&_acct=C000044642&_version=1&_userid=824921&md5=9f5de75ad588869d9bda107a13ada751
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area. These relationships, however, varied among areas with different climate. In Portugal, 

Viegas and Viegas (1994) indicated a non-linear relationship between burned area and 

rainfall so that, depending on the time of rainfall, this could promote or deter the burned 

surfaces. Pausas (2004) showed how summer rainfall was significantly related to the inter-

annual variability in the burned area, showing also a significant cross-correlation for a time 

lag of two years in Valencia district (Spain). In Canada, weather–climate has been 

established as the most important natural factor influencing forest fires (Stocks and Street 

1983; Flannigan and Wotton 2001; Hely et al. 2001).  

Despite all these efforts, region specific analysis of the driving forces of fire regime are still 

needed to better understand this issue. In this context, this paper aims to contribute and 

improve our knowledge about the relationships between meteorological variables and 

wildfires at National level in Mediterranean ecosystems. 

 

2. MATERIALS AND METHODS 

In the first part of this work we collected meteorological and fire data to analyze the 

relationships between fire and weather in the Italian peninsula. The meteorological 

variables (maximum and minimum temperature, relative humidity, precipitation and wind 

speed) were obtained at daily scale through the MARS (Monitoring Agricultural 

Resources) database interpolated at 25x25 km scale. The fire database available for Italy 

was provided by JRC (Join Research Center) and contains the monthly number of fires and 

total area burned at provincial level from 1985 to 2008.  

To analyze the effects of weather variables on fire, it was decided to homogenize the time 

scale of MARS database to the JRC, therefore monthly mean were calculated from MARS 

daily data for each year. 

The second part of the work involved the assemblage of fire and weather data into a GIS to 

facilitate manipulation and display of the data, and the classification of Italian peninsula in 

homogeneous piro-climatic areas, through a non-hierarchical cluster analysis of 

meteorological and fire data. In each identified area, descriptive statistics were initially 

calculated to determine the differences on fire regime and weather conditions. Then, we 

proceeded with the seasonal and annual trend analysis through parametric and non-

parametric tests to assess whether the inter-annual variability in weather patterns and in fire 

events had a significant trend. Finally, Pearson correlation and linear regressions were 

carried out to characterize the relationship between meteorological variables and forest 

fires.  

 

3. RESULTS 

The results obtained from cluster analysis showed, for peninsular Italy, five different 

piroclimatic areas with different fire regime (Figure 1). Cluster 1 represents the Alpine zone 

with severe winter and high amount of cumulative rainfall, where the fire regime is 

typically concentrated in winter and fire occurrence is very low compared with the other 

areas. Cluster 2 and 3 are very different from fire statistic and termo-pluviometric points of 

view. Cluster 3, mainly constituted by Liguria region, has a typically Mediterranean climate 

(T max 17.26 °C, T min 9.87 °C, rainfall 780 mm), but fire regime is not exclusively on 

summer and occurrence is higher than Cluster 2 and 1 (Table 1). Cluster 4 represents 
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mainly the center of the peninsula, and although fire 

regime is framed mainly during summer, it has 

some fire occurrence during spring. Finally, Cluster 

5 is represented by Southern Italy. In this zone, fire 

occurrence is concentrated during summer. This 

Cluster represents the area were the fire occurrence 

is the highest among all clusters: the recorded 

number of fire is more than 89,000 and the burned 

area is more than 1,086,000 ha. This is probably due 

to the type of climate, represented by mild winters, 

T min 11.47 °C, and dry summers, with T max of 

19.97 °C and rainfall of 626 mm (Table 2). 

 

 

 

 

 

Table1. Fire statistics and fire seasonal occurrence 

for the 5 different clusters recognized by the cluster 

analysis 

 

Table 2. Termo-pluviometric characteristics for the 5 clusters recognized by the cluster 

analysis 

 

The trends of the fire data were analyzed both for all peninsula and for each cluster to have 

some inferences on the evolution of fires through the investigated period, and in the 

different piro-climatic areas. Trend analysis was done using parametric and non-parametric 

tests. Table 3 and 4 show the slope of the regression line, the standard error, and the Mann-

Kendall test for fire and weather data. In general, our study showed that fire activity is 

decreasing, despite the overall trend of increasing temperatures in most of Italy (Table 3, 4). 

Considering the entire peninsula, the annual trend of burned area is decreasing (F= 0.75, 

p<0.05), even if the result is not confirmed by the Mann-Kendall test. On the other hand, 

the Mann-Kendall test confirmed the decreasing trend of fire number (p<0.01). Different 

clusters have been undergoing different trends. For example, in Northern Italy the Cluster 1 

Region Burned area (ha) Number of Fires Fire season 

CL 1 96,794 9,981 Jan-Apr 

CL 2 178,867 20,892 Jan-Apr, Jul-Sept 

CL 3 179,576 19,989 Jan-Apr, Jul-Sept 

CL 4 407,519 43,167 Mar, Jul-Sept 

CL 5 1,086,523 89,092 Jun-Sept 

Region Tmax (°C) Tmin (°C) Rainfall (mm) 

CL 1 14.12 5.26 1,123 

CL 2 16.31 7.00 734 

CL 3 17.26 9.87 780 

CL 4 19.80 10.48 666 

CL 5 19.97 11.47 626 

Figure 1. Categorization of Italy in 

the five cluster recognized by the 

cluster analysis. 
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showed a significant decreasing trend for fire number, and for burned area, while Cluster 2 

had a significant trend only for fire number. Cluster 3 showed a very significant decreasing 

trend for both fire number and burned area, while Cluster 4 trend was not confirmed by 

Mann-Kendall test (Table 3). Finally, Cluster 5, that represents the Southern part of the 

Peninsula, showed not significant trends. 

 

Table 3. Anova and Mann-Kendall results for burned area (BN) and fire number (FN) 

trend for peninsular Italy and for each cluster 

n.s.= not significative; + p= 0.10; * p= 0.05; ** p= 0.01; ***p= 0.001 

 

Table 4. Anova and Mann-Kendall results and for maximum temperature (Tmax), minimum 

temperature (Tmin) and Rainfall for peninsular Italy 

n.s.= not significative; + p= 0.10; * p= 0.05; ** p= 0.01; ***p= 0.001 

 

In order to analyze the relationships between fire and weather, Pearson’s correlation 
coefficients were calculated at national and cluster scale, both annually and seasonally. The 

variable that seems to be mostly correlated with the fire occurrence is the precipitation 

(Table 5, Figure 2). Considering the whole Italy, summer and winter rainfall are highly 

correlated with summer and winter fire number (r=0.68, p<0.01). This pattern is also 

present at cluster scale: for example, in the Southern Clusters (4 and 5) summer rainfall is 

strongly correlated with fire number (respectively, r= -0.72 and -0.70, for p<0.01) and 

burned area (r=-0.66 and -0.65, with p<0.01). On the other hand, Northern Clusters 1 and 2 

are highly correlated with summer Tmax (respectively, r= 0.75 and 0.71 with p<0.01 for 

fire number, and r=0.73 and 0.62 with p<0.001 considering burned area). 

Finally, linear regressions were calculated for all Italy and for all significant Pearson’ 
correlation (Table 6). In particular, the best results were obtained analysing the relationship 

between winter and summer rainfall and fire number (r
2
=0.46, p<0.001; r

2
=0.47, p<0.001).  

 
Variable Slope 

Standard 

error 
F p Test Z Sig. Q 

Italy 
BA -1176.88 1354.96 0.75 * -1.46 n.s. -1693.696 

FN -195.76 70.13 7.79 n.s. -2.60 ** -181.654 

CL 1 
BA -244.92 113.24 4.68 * -2.80 ** -153.30 

FN -15.93 4.54 12.33 ** -2.95 ** -13.88 

CL 2 
BA -440.41 244.18 3.25 + -2.21 + -224.22 

FN -28.80 11.06 6.78 * -2.51 * -25.57 

CL 3 
BA -480.98 187.54 12.23 ** -3.55 *** -412.30 

FN -49.42 8.44 34.29 *** -4.29 *** 45.51 

CL 4 FN -48.51 20.39 5.66 * -1.86 + -41.37 

 
Variable Slope 

Standard 

error 
F p Test  Z Sig. Q 

Italy 

Tmax (°C) 0.04 0.01 12.58 ** 2.95 **  0.045 

Tmin (°C) 0.06 0.010 35.29 *** 4.14 ***  0.062 

Rainfall (mm) 3.19 2.63 1.47 n.s. 0.97 n.s.  3.098 
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Table 5. Statistically significant Pearson’s correlation between number of fires, burned 
area and selected meteorological variables. 

Italy Pearson's correlation 

Annual Rainfall (mm) 
Fire Number -0.51 * 

Area burned (ha) -0.56** 

Winter Rainfall (mm) 
Fire Number -0.68** 

Area burned (ha) -0.58** 

Spring 
Rainfall (mm) 

Tmin (°C) 

Fire Number -0.43* 

Fire Number -0.50* 

Summer Rainfall (mm) 
Fire Number -0.68** 

Area burned (ha) -0.52** 

 

 

 

Figure 2. Pearson’s correlation between the number of fires and burned area with 
meteorological variables (Tmax, Tmin and Rainfall) for each season and for each cluster 

 

 

Table 6. Relation between yearly fire number and burned area and rainfall in Italy 

* p= 0.05; ** p= 0.01; *** p= 0.001 

 

 

4. CONCLUSION 

The present work investigated the relationship between the weather and fire occurrence. 

The use of cluster analysis showed this tool as useful method to characterize fire-weather 

relationships at national level, allowing to clusterize the different piro-climatic situations.  

Season Fire variable (y) Weather 

variable (x) 

Slope R2 R2adj F p 

Annual 
Fire number 

Rainfall 
- 15.34 0.26 0.23 7.7 * 

Burned area - 285.67 0.32 0.29 10.2 ** 

Winter 
Fire number 

Rainfall 
-11.86 0.46 0.43 18.64 *** 

Burned area -133.04 0.33 0.30 10.89 ** 

Summer 
Fire number 

Rainfall 
- 35.25 0.47 0.44 19.35 *** 

Burned area - 583.28 0.30 0.24 8.12 ** 
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In general, both the fire number and burned area are highly significantly related with 

rainfall in summer and winter in Southern Italy, while in the Northern areas, especially in 

the plains, both fire number and burned area are significantly related to summer Tmax. This 

could be due to the different factors that interfered with climatic variables. In Southern 

areas, for example, where the main economy is agriculture and the land use is highly 

exploited by anthropogenic activities, the fire causes are strongly related with socio-

economic factors. Going Northern, as highlighted by Zumbrunnen et al. (2009), the 

abandonment of traditional land use, due to the transformation of the economy, could have 

incremented the debris in the forest, and then the influence of climatic factors in the indirect 

way could explain the fire activity.  

The results of this work provide a valuable contribution in understanding the effect of 

weather conditions on fire number and burned area, and can be used as input for the 

development and calibration of models for the assessment of future impacts of climate 

change on fire. 
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