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 Funded within the framework of Partnerships for 
Enhanced Engagement in Research (PEER), 
sponsored by USAID.  
 

Collaboration with the Department of Earth Sciences 
Montana State University (US collaborator: Dr. David 
McWethy) 
 

 Implementation period: 2012-2016 
 

 Study area: the entire Lebanese territory 

Project’s summary info 
Project "Towards a better assessment and management of wildfire risk in the Wildland-

Urban Interface (WUI) in Lebanon: gaining from the US experience" (2012-2016).  

Mitri, G. 2016, Peer meeting, Amman 



Background information 

Lebanon Mediterranean climate 



 Unique feature in 
the semi arid 
environment of the 
Mediterranean  
 

 Important 
ecosystems of the 
Mediterranean 
 

 Very rich in 
biodiversity  
 

 Provide a variety of 
goods and 
environmental 
services  

Mitri, G. 

Background information (Contn’d) 



 
Few of the factors impacting upon Lebanon’s forests and provoking their degradation: 
 
• Overexploitation  

 
• Natural habitats’ degradation and loss (including fragementation) 

 
• Forest Fires 

Background information (Contn’d) 

Mitri, G. 2016, Peer meeting, Amman 



Highlights from the National Strategy of fire management (No.52/2009):   
  
 A common database on forest fires is still missing. Data, when it exists, is scattered, 

non-homogenous and difficult to process.  
 

 Research on forest fires is weak.  
 

 The analysis of the actual direct and indirect effects of forest fires is at a very 
preliminary level,  
 

 Lack of a clear management approach on forest fires issues.  
 

 Lack of information to describe the magnitude and urgency of the problem to 
decision makers and make them prioritize the necessary measures to prevent or 
minimize fire risk. 

Background information (Contn’d) 

Mitri, G. 2016, Peer meeting, Amman 



The needs as per Lebanon’s National strategy: 
 
 A shift towards an enhanced capacity of stakeholders in Lebanon to assess and 

manage wildfire risk in light of future climate change 
 
 Studies and researches to support and promote the improvement, know-how 

sharing, monitoring and dissemination of knowledge on wildfire risk and fire 
management under a climate change scenario among all relevant actors.   

Background information (Contn’d) 

Mitri, G. 2016, Peer meeting, Amman 



Changes in agricultural habits and disappearance of  traditional agricultural industries 

Disappearance of 
traditional clay 
production, molasses, silk 
production 
 
Marginalization of land 

Indirect causes of fires 



Ghazir - circa 
1893 - 
Lebanon  

Ghazir 
surrounding 
mountains - 
Present 



Nahr Al Kalb 
from Louaizeh - 
circa 1894 - 
Lebanon  

Nahr Al Kalb from 
Louaizeh – 
Present time 
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Impenetrable thick scrub vegetation 

Mitri, G. (2004) 

Dense forest fuel 
 
Thick biomass 

 
 

Indirect causes of fires 



Average annual 
precipitation from 200 
mm to 1100 mm  - Dry 
season:  7 to 8 months 

 
 

Adaptation of certain 
species to frequent fire 

occurrence 

Indirect causes of fires 



Main direct causes of fires 

 Burning agricultural wastes 
 

 Land clearing by fires 
 

 Uncontrolled waste disposals 
 

 Fireworks and campfires 
 

 Arson 



 Relatively large scale 
wildfires affecting Lebanon's 
forests 
 

 Increase of frequency, 
intensity and extent of fires 

 
 

Increase in fire occurrence  
and burned areas 

As a result…. 



The relatively recent increase in forest fires can be attributed to:  
 
1. land-use changes; and 

 
2. climatic warming (which is reducing fuel humidity and increasing fire risk and fire spread) 

A changing world 



Lebanon has experienced: 
 
1. Depopulation of rural areas 

 
2. Decreases in grazing in different rural areas 

 
 
These changes in traditional land-use and lifestyles have implied the abandonment of large areas of 
agricultural land, which has led to the recovery of vegetation and an increase in accumulated fuel. 
 

Land use changes 



Intense fires  



 Most recently, there has been an increasing 
claim for wildland (places where people can 
live or spend their holidays).  
 

 This becomes more obvious near cities and 
large urban settlements 
 

 This situation is generally known as 
Wildland Urban Interface (WUI). 
 

 The WUI is described as the line, area, or 
zone where structures and other human 
developments meet or intermingle with 
undeveloped wildland or vegetative fuels 
(United States Department of the Interior, 
1995). 

 

Urban sprawl: increased risk in the wildland-Urban Interface 





Mitri, George (2010)  



Mitri, George (2010) © Mitri, George (2010)  



The agricultural interface can be defined as an interface where farms, crops, and orchard, irrigated or non-irrigated, are 
exposed to forest fires. 
  

Wildland Rural Interface, the agricultural Interface 



In the last decades, a weakening of the 
agricultural activities has been observed.  
 
Cultivated lands have been regressed.   
 
Fertile lands have been rapidly overgrown by 
garrigue.  
 
There has been an incessant expansion of the 
vegetation between both parts.  
 
This has caused a new form of danger which 
assembles both 

Weakening of agricultural activities in 
Lebanon 



Wildfire management in Lebanon: challenges in a changing world  george.mitri@balamand.edu.lb 

Homes near marginalized lands 



 
Extreme event and forest fires: 
  Heat weaves / Large scale fires 
  Drought periods / Forest dieback 
  Heavy rainfall / Soil erosion, soil water scarcity & Floods  

Climate change is worsening the situation: highlights from IPCC 2007 



Climate change is worsening the situation: highlights from IPCC 2014 

Climate change 2014: Synthesis Report, Summary for Policymakers 







Temporal variation in the length of the fire season (left), and a scatter plot of the variation (right) - (Salloum and Mitri, 2012) 

Increasing length of fire seasons 



Fire season calendar (Salloum and Mitri, 2012) 

 Average start date of the fire season is June 14,  
 Average end date of the fire season is November 12 
 Length of the fire season has exhibited an increase over the past decade  
 Average peak month is September 
 The largest number of fires that took place during a peak month was in October 2007  
 The current forest law refers to a fire risk period between July 1 and October 31.  
 Time to re-define the dates of the of the fire risk period? 

Increasing length of fire seasons 



Large scale and recurrent fires 

A serious threat to: 
 
 Human lives 

 
 Private property 

 
 Infrastructure 

 
 Environmental quality  

 
 Natural resources 



Mitri, George (2010) © 



Mitri, George (2010) © 

Citizens check a charred car near in a fire affected area in Betshai (May 5, 2014) near the Capital Beirut (source: The Daily Star/Mohammad Azakir). 



 
 
 
 
 
 
 

Fire hazard map   

Topographic data 

Vegetation structure 

Fuel combustibility 

Fire Potential Index 
(1x1 km of spatial 
resolution) 

Spatial climatic data 
(current conditions) 

Settlements 
vulnerability 

Urbanized 
land 

Environmental 
vulnerability 

Protected areas, 
protected 
valleys, Natural 
reserves 

Overall land 
vulnerability 

Environment 
based fire risk 

Socio-
economic 
based fire risk 

Social factors 
(e.g. density of 
population) 

Overall current 
fire risk (results 
at the 
municipality 
level) 

Economic 
factors (e.g. 
agriculture 
production) 

Socio-economic 
changes 
factors (e.g. 
changes from 
forests to 
settlements) 

Statistical 
analysis 
 
 
 

Modeling current fire risk in Lebanon 
(simplified flowchart) 

Burned 
areas/fire 
occurrence 

Environmental/geophysical aspect 

Socio-economic aspect 

Conducted work 



Dataset description 

 High to moderate resolution satellite imagery 
(SPOT, Landsat, DMC, etc.) 
 

 Landcover Land use map of Lebanon 
 

 Global climatic datasets 
 

 Administrative maps 
 

 Digital Elevation Model (25 m) 
 

 Global datasets (e.g. precipitation) 
 

 National reports and datasets (socio-econ) 
 

 Field data collection 



Field-based data 

Internal security 
forces (police) 

Ministry of Environment 

University of Balamand 







Fire spread map of Lebanon 





Spatial distribution of KBDI classes throughout the 
year (excluding agricultural and un-vegetated areas) 

Distribution of the average monthly KBDI in 
function of average mean elevation (excluding 
agricultural and un-vegetated areas) 

The KBDI is a measure  
meteorological drought; it reflects 
water gain or loss within the  upper 
soil. layers  





WUI area (ha) in risk of fire spread 



Roads length (Km) in risk of fire spread  











FireLab 

To accommodate the large fire datasets, we developed a web-based 
application to host multiple data types related to fire risk and management*.  
 
The primary objective of the application (called FireLab) was to provide an 
online user-friendly interface where relevant fire data can be accessed to 
make informed fire-management decisions. 



The database comprised 257 variables generated at the village level 
and covering the entire country.  
 
The variables included information about landcover/landuse, fire 
hazard, vulnerability, overall fire risk, future fire hazard in 
association with projected climatic data, and Wildland-Urban 
Interface (WUI), among others.  
 
A comprehensive glossary was developed and integrated in the 
system describing the main terminologies employed in the queries 
of the application. 

FireLab (contn’d) 



FireLab (contn’d) 

The user interface was designed to be self-exploratory and easy to use.  
 
Users only need to provide minimal input to achieve the desired outputs.  
 
Technically, the web-application queries the content server (a content repository 
database) and dynamically generates web documents to serve to the user.  
 
The documents are generated in a standard format to allow support by all 
browsers (e.g., HTML). 
 
The use of Microsoft Visual Studio 2010, C#, asp.net and Jquery which is accessible 
by all electronic tablets and mobile phones, easily accessed by mobile operators, 
reliable, secure, and without major technological restrictions.  
 



The development of the web-
application model comprised: 
1) the web browser or the user 

interface, 
2) the dynamic content 

generation technology, and  
3) the database server 

containing all generated 
data 



FireLab (http:ioe-firelab.balamand.edu.lb 



Ongoing activities 



The composition of a comprehensive and site-specific fire danger index for Lebanon 
involving the use of 5 fire risk classes (as per Lebanon’s fire risk map) and 6 fire danger 
classes (as per the FWI maps).  

FWI map on 25-7-2014 (left) and the fire risk map (right)  

A comprehensive fire danger index 



 6 classes of fire danger 
 

 A 3-day fire danger forecast on a daily basis 
 

 Automated generation and dissemination of fire danger forecast. 

Subset maps of the produced fire danger index on 23, 24, and 25 July 2014, successively  

Expected results 



Limited resources 

Area 1: High Fire 
Weather (FWI) Index 

Area 2: High Fire 
Weather Index (FWI) 

 

With the sole use 
of a Fire Weather 
Index 



Unique fire danger forecast system (accounting for both fire 
risk and  FWI 

 
Helps in efficient mobilization of resources 

Limited resources 

Area 1: High  FWI but 
moderate to low risk 

Area 2: High FWI and 
high risk 

 

With the use of FireLab 



 
 The proposed fire danger forecast is listed as top priority action in the developing Air Quality 

Management Strategy 
 

 Lebanon’s fire risk map was adopted by the Ministry of Agriculture for identification of new sites for 
reforestation within the national 40 million trees programme of reforestation 
 

 The fire risk map of Lebanon was employed within the framework of STREG project at the Ministry 
of Environment to identify the locations for deploying strategic meteorological stations 
 

 The fire risk map of Lebanon was adopted by other USAID projects in Lebanon (i.e., Lebanon 
Reforestation Initiative) for selecting sites for Firewise projects interventions. 
 

 The project results were reported in the recently published National biodiversity strategic Action 
Plan of the Ministry of Environment 
 

 The project results were reported in several national communications (i.e., Bi-annual update report 
to the UNFCCC, EFFIS reporting, among others) 

Overall impact on national policies and institutions 
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Contact: 
 
George Mitri, Ph.D. 
Director of the Land and Natural Resources Program,  
Institute of the Environment, University of Balamand (UOB) 
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University of Balamand 
P.O.Box: 100, Tripoli - Lebanon 
Tel:  00961-6-930250 ext. 3944 
Fax: 00961-6-930 257 
www.balamand.edu.lb 
  
Other links: 
home.balamand.edu.lb/wildfire 
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