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Abstract 

Fire is a major disturbance affecting Mediterranean ecosystems. Due to a lack of exhaustive fire registration, fire drivers 

in the Middle East have been hardly investigated. We propose here the analysis of a newly produced fire patch 

reconstruction from remote sensing over the 1984 – 2020 period in Lebanon and Syria, experiencing peculiar 

Mediterranean climate and socio-political conflicts. We identified a particular bimodal and late-season fire regimes in 

the two neighboring countries. Then, taking into account their different socio-political differences since the Syrian civil 

war in 2011 by using the ICEWS conflict database, we could highlight the dominant role of these conflicts in extreme 

fire years in the region. 

 

 

1. Introduction 

Wildfire is among the main shaping factors of Mediterranean ecosystems (Paula et al., 2009), affecting yearly 

about 1 million hectares of Mediterranean forests worldwide (Dimitrakopoulos and Mitsopoulos, 2006). Due to 

the particularly fire-prone conditions of the Mediterranean climate (Le Houérou, 1973), fires are intrinsic to the 

functioning of Mediterranean forests. Climate forcings, changes in traditional land use, as well as population 

movements and lifestyle, lead forest fires to increase after the 1970’ in the Mediterranean basin (MB) (Gill et 

al., 2013; Pausas, 2004; Xanthopoulos and Nikolov, 2019), causing adverse impacts on economic, social and 

ecological assets (Gill et al., 2013; Xanthopoulos and Nikolov, 2019). 

This natural disturbance is mostly being addressed by studies focusing on the European part of the MB where 

fire events have been registered since the 1970s (San-Miguel-Ayanz et al., 2012). Studies conducted in the 

Eastern and Southern parts of the basin are more limited and systematic uniform documentation of fires is still 

lacking (cf. Aini et al., 2019; Belhadj-Khedher et al., 2018; Chergui et al., 2018). 

On the Eastern rim of the MB and intermediate between the North ridge where fire activity is driven by summer 

drought promoting large fires (Turco et al., 2017), and the Southern ridge where fire activity is driven by heat 

waves during Saharan dry winds (Belhadj-Khedher et al., 2020), Lebanon and Syria lack exhaustive fire 

registration, an obligate prerequisite for studying fire regimes. In addition, as of 2011, Syria experienced a series 
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of protests that quickly escalated in 2012 to a full-fledged war (ongoing). Scholars have recently described the 

effects of war on the fire risk by relying mostly on MODIS global remote sensing data (Schon et al., 2021; 

Zubkova et al., 2021), over a short period (Mahfoud, 2020; Mohamed et al., 2020) or focusing on agricultural 

lands (Schon et al., 2021). 

In such scarcely documented areas, remote sensing offers the most effective alternative to national statistics, 

providing global coverage, and multispectral and multitemporal information. Since the late 20th century, 

satellite imagery has been used to map fires (Xiao-rui et al., 2005), from coarse (Eastwood et al., 1998; Justice 

et al., 2002; Malingreau, 1990; Pereira, 1999) and medium spatial resolution sensors (Filipponi, 2018; Liew et 

al., 1998; Wightman, 1973).  

The public release of the global historical Landsat archive (1984 – present) by the United States Geological 

Survey (USGS) in 2008 (Loveland and Dwyer, 2012; Woodcock et al., 2008) initiated the development of 

automated and semi-automated tools that multi-process long and complete time series of Landsat imagery, 

resulting in the fast reproduction of fire perimeters over long periods and large surfaces (local to global 

coverage). 

Nevertheless, relying solely on Landsat data can’t provide a complete record of past fires and prevents an 

accurate dating between Landsat’s overpasses. Recently, semi- and fully-automated burned area (BA) mapping 

tools combining Landsat data and daily Moderate Resolution Imaging Spectroradiometer (MODIS) active fire-

detection data (hotspots) helped to overcome these limitations (Boschetti et al., 2015; Roteta et al., 2021). Fires 

detected throughout spectral changes in Landsat data (30 m) are dated using the high temporal resolution 

MODIS hotspots (1 day) when the two data sets spatially and temporarily coincide, also allowing the visual 

validation of the burning signal to effectively eliminate commission errors (Chuvieco and Congalton, 1988) and 

the manual refining of the fire polygons to narrow omission errors (Koutsias and Pleniou, 2021).  

Accordingly, the aims of this study were (a) to create a GIS database of wildfire events and spatial extent in 

Lebanon’s and the coast of Syria’s wildland vegetation, two neighboring countries with similar climate 

conditions but contrasted socio-political events, for the last 37 years based on historical satellite archives (1984 

– 2020) and MODIS hot-spots data (2001 – 2020), and (b) to provide a description of the fire regime taking into 

consideration the impacts of the socio-political conflicts on the natural wildfire regime in Syria. 

 

2. Material and Methods 

2.1. Study area  

The study area includes the wildland areas (forests, shrublands, and grasslands) over Lebanon (between latitudes 

33° and 35° N and longitudes 35° and 37° E) and the Syrian coast (between latitudes 32° and 38° N, and 

longitudes 35° and 43° E) (Figure 1), characterized by a typical Mediterranean climate with hot and dry summers 

and mild, wet winters (Köppen, 1884). 
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Figure 1- Location of Lebanon and Syria within the Mediterranean basin (a) and administrative units (b) overlayed 

with the forests/shrub cover (Deep green) and grass cover (light green) in Lebanon (c) and Coastal Syria (d).  

The study area is delimited in red. 

2.2. Data 

2.2.1.  Fire data 

For the period 2001 – 2020, fire contours were generated over wildlands using the Burned Area Mapping Tools 

(BAMTs). BAMTs is a semi-automated tool, available on the Google Earth Engine platform 

(https://github.com/ekhiroteta/BAMT) whereas common spectral indices, used to characterize burnt pixels, are 

calculated for a pair of Landsat or Sentinel scenes and a random forest classifier algorithm is trained to identify 

burnt vegetation patches (Roteta et al., 2021).  

Fire events were first located and dated based on MODIS MCD14ML hotspots (2001 – 2011) and VIIRS 

hotspots (2012 – 2020) (available at https://firms.modaps.eosdis.nasa.gov/download/).  
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Based on the timing and location of each fire hotspot, their contours could be amped by pre and post-fire Landsat 

time series using BAMTS and visually checked for accuracy.  

Due to the lack of hotspots for the period 1984 – 2000 to tackle the location and timing of fire events in BAMTs, 

a second semi-automated tool relying solely on Landsat data was used to produce the fire contours of 1984 – 

2020. The tool, described in Koutsias and Pleniou (2021), is based on a set of valid rules applied to Landsat 

scene pairs (pre-and post-fire) to identify burnt areas. Fires produced were only yearly dated due to the coarse 

temporal resolution of Landsat scenes (~ 16 days). Over the period 2001 – 2020, small fires undetected by 

BAMTs could be identified and added to the database while fires identified from both methods were compared 

and merged.  

Due to the lack of reliable local fire records to filter out commission errors (Faour, 2004; Faour et al., 2006), 

the accuracy assessment was a visual checking filtering out all detected fires occurring in croplands or with no 

visual changes in reflectances. Within the red–green–blue (RGB) display, BAs have a very strong spectral signal 

appearing as a deep red coloring in post-fire scenes (Figure 2), allowing a high accuracy visual assessment 

(Koutsias and Karteris 2000; Roteta et al., 2019).  

 

Figure 2 - Pre- (left) and post-fire (right) images showing the burnt signal (red).  

2.3.  Climatic data 

To investigate the climatic control on the seasonal and interannual fire activity, we tested the Fire Weather Index 

(FWI) (Van Wagner, 1974), previously used in Mediterranean ecosystems (Chelli et al., 2015; Dimitrakopoulos 

et al., 2011; Moriondo et al., 2006). We computed FWI with the R-cran “cffdrs” package and “fwi” function 

based on midday values of temperature (C), wind speed (km.hr-1), precipitation (mm), and relative humidity 

(%) from the ERA5 Land climate database (https://confluence.ecmwf.int/display/CKB/ERA5-

Land?src=contextnavpagetreemode) over the cities of Beirut (Lebanon) (33.68°E, 35.5°N) and Lattakia (Syria) 

( 36.0°E, 36.05°N) for the period 1984 – 2020. 

2.3.1. Conflict Data 

To investigate our hypothesis of the potential impact of conflicts on the wildfire activity in Syria, we used the 

Integrated Crisis Early Warning System database (ICEWS) (Boschee et al., 2020), previously used in studies 

about protests, fire, and conflicts driving forces in Syria (Ash and Obradovich, 2020; Linke and Ruether, 2021; 

Zubkova et al., 2021). ICEWS consists of socio-political conflict and mediation global events identified and 

extracted automatically from news articles, available from January 1995 until April 2020. For our study, 1,607 

violent events taking place in Syria between 1995 and April 2020 (29 out of 290 event types) were retained. 

 

3. Results and Discussion 

3.1. General information and Burnt Area database for the period 1984 – 2020  

An exhaustive GIS fire database was produced for Lebanon and Mediterranean Syria for the period 1984 – 2020 

with a spatial resolution ranging between 20 m (2016 – 2020) and 30 m (1984 – 2015). Each of the fire polygons 

is associated with a unique identification number, a surface area (ha), and minimum and maximum fire dates 

based on MCD64ML and VIIRS hotspots.  
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In Lebanon, a total of 3,232 fires were mapped, affecting a total area of 83,437 ha for the period 1984 – 2020. 

0.42% of the wildland was burnt each year (2,255 ha.year-1) with the highest fire years being 2007, 1998, and 

1985. The majority of the fires (66.3%) occurred in forests and shrublands. 33.7% of the fires occurred in 

grasslands (Figure 3). 

In Syria, a total of 1,544 fires were mapped, affecting a total area of 106,766 ha for the period 1984 – 2020, 1% 

of the wildland was burnt each year (2,885 ha.year-1), with the highest fire years being 2020, 2012, and 2015. 

The majority of the fires (80.6%) occurred in forests and shrublands. 19.4% of the fires occurred in grasslands. 

(Figure 4).  

3.2 Bimodal fire seasonality  

In both countries, we observed a particular bimodal distribution of BA over the fire season with a reduced fire 

activity in August and peaks in the early and late fire seasons (Figure 5). Both the late end of the fire season 

(October/November) and the reduced fire activity in August are rarely seen in the MB where the fire season 

usually ends in September (Belhajd Khedher et al., 2018; Ruffault et al., 2020) and the largest BA is observed 

in August (Aini et al., 2019; Belhadj-Khedher et al., 2018; Chergui et al., 2018; Im et al., 2006). The dry season 

actually extends from June to early November, quite a long period for the region. During this dry period, we 

found that air relative humidity (RH) in August doesn’t reach the low values observed in the late fire season 

(October-November in Lebanon; September-October in Syria). In addition, wind speed tends to decline in 

summer, while the highest temperatures (95% percentile) are stable from May to October leading to higher FWI 

events in June and September to November (Figure 6). 

3.3 Non-climatic abrupt fire regime change in Syria since 2011 

While no significant temporal trend of BA is observed for the two countries (Lebanon: p= 0.21, Syria: p= 0.06), 

contrasting with the general decreasing trends in the European Mediterranean region (Turco et al., 2016), one 

breakpoint occurs for the year 2011 in Syria with significantly higher BA observed during the period 2012 – 

2020 (81,492.5 ha) compared to the whole time series (25,273.5 ha during 1984 - 2011). This abrupt change in 

the fire regime, usually due to non-climatic factors (Pausas and Keeley, 2017; Syphard et al., 2017), was not 

observed in neighboring Lebanon (Figure 7). 

A higher, yet not significant, correlation was found between the BA and maximum FWI values for Lebanon (r= 

0.29) and Syria (r=0.44) than with mean FWI values (Lebanon: r=0.1, Syria: r=0.24). During the pre-conflict 

period, maximum FWI could detect high fire years in 2010, 2007, 2002, 1994, and 1998 in Lebanon, as well as 

in 2007, 1986, and 1985 in Syria. We observed that during the conflict period since 2011, the years with high 

fire activity in Syria (2020, 2012, 2015, and 2013) still experience the highest FWI with the breaking record of 

2020, as well as Lebanon for the years 2010, 2013, and 2019 (Figure 8). However, no significant temporal trend 

of FWI (Lebanon: p = 0.42, Syria: p = 0.09) nor breakpoints were significant in both countries, confirming the 

poor impact of climate on the BA trend. 

When finally considering the ICEWS database, we could find a significant increasing temporal trend in the 

number of conflict events (p=0.049, slope=4.53) and two breakpoints (2010 and 2016) matching the breakpoint 

and increase of BA observed during the conflict period in Syria (Figure 9). A highly significant positive 

correlation between the number of conflict events and BA within each Syrian governorate was also found 

(p=0.04) (Figure 10).  

The poor trend correlation between FWI and BA in Syria, the decorrelation in BA between Lebanon and Syria 

after 2011 with similar climate while the number of conflicts appeared as a significantly correlated variable 

suggest that the wildfire trend in Syria has socio-political drivers stronger than climate. Still, extreme fire years, 

as 2020, remain related to climate with 2020 being the most extreme fire weather since 1984 observed in Syria. 

The combined effect of climate and social troubles lead to the most extreme fire year observed in the region. In 

neighboring Lebanon, the social troubles (mostly urban) during the civil war ending in 1990 did not lead to 

major fire events. However, the political troubles in 2006 might have significantly contributed to the high BA 

during this year with no extreme fire weather.  
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Figure 4 - Location of fire events in Syria for the period 1984 – 2020; fire contours (red polygons) and wildland 

cover (green and yellow polygons). 

 

 

 

 

 

 

Figure 3 - Location of fire events in Lebanon for the period 1984 – 2020; fire contours (red polygons) and wildland 

cover (green and yellow polygons). 
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Figure 6 - Median, standard deviation, 95% confidence interval, and outliers of daily values of air Relative Humidity 

(RH) (%), Temperature (C), Wind Speed (m.s-1,) and Precipitation (mm) in Lebanon (left) (1984 – 2020) and 

Mediterranean Syria (right) (1984 – 2010). 

  

Figure 5- Seasonality of BA in Lebanon (1984 – 2020) (left) and Mediterranean Syria (1984 – 2010) (right). 
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Figure 7 - Interannual variability of BA (black) and number of fires (blue) in Lebanon and Syria for the period 1984 - 

2020. Breakpoint in Syria at 2011 (red). 

 
Figure 8 - Interannual variability of FWI values (line) and maximum daily FWI values (dashes) in Lebanon (green) 

and Syria (purple) for the period 1984 - 2020. The maximum value is the highest data point in the data set excluding 

outliers. 
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Figure 9 - Breakpoints (red) and interannual variability of the number of violent conflict events per governorate in 

Syria for the period 1995 - April 2020. 

 
Figure 10 - Conflict events (%) (left) and BA (%) (right) per governorate in Syria for the period 1984 - 2020. 
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