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Abstract

Research demonstrates that fire risk models represent characteristics of fire behavior under specific climatic conditions
(Sharples, 2009). Climate models have been used to assess
fire risk, anticipating potentially dangerous conditions (Liu et
al., 2010). Several fire danger rating systems are used around
the world, and one of the most widely employed indices is
the Fire Weather Index (FWI) used by the Canadian Forest Fire
Danger Rating System (Dimitrakopoulos et al., 2010). The FWI
uses surface daily temperature, precipitation, relative humidity, and wind speed to represent fuel moisture changes and
their effects on fire behavior (Dimitrakopoulos et al., 2010;
Karali et al., 2012). The Keetch-Byram Drought Index (KBDI) is
another fire danger index, which is a part of the National Fire
Danger Rating System (NFDRS) in the United States (Keetch
and Byram, 1968; Melton, 1989). KBDI is a cumulative estimate of fire potential based on meteorological input parameters and an empirical approximation for moisture depletion
in the upper soil and surface litter levels (Keetch and Byram,
Introduction
1968). KBDI uses temperature and precipitation to estimate fire
Wildfire is an important disturbance process that has shaped
potential (Janis et al., 2002).
the structure, composition, and function of Mediterranean forMany of these models rely solely on climatic variables
ests for centuries (Liu et al, 2010). However, in recent decades,
even though biophysical factors such as fuel type and toincreases in wildfire occurrence, size and intensity Delivered
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pography play a major role in determining fire spread and
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ranean ecosystems (Chuvieco et al., 2010; Dimitrakopoulos et
nents directly influence fire spread and flammability of fuels.
al., 2010; FAO, 2013; Liu et al., 2010).
Moreover, demographic variables are critical for predicting
Like other Mediterranean countries affected by wildfires,
risk and hazard of fires on communities (Bühler et al., 2013;
Lebanon’s forested ecosystems have been severely impacted
Chuvieco et al., 2010). To improve the assessment of both
the increase in the number and size of fires (Salloum et al.,
social and ecological aspects of fire risk it is important to
2013). Research has shown that recent fire occurrence in Lebaincorporate spatial distributions of populations and settlenon was positively correlated with mean monthly temperaments and the presence and distribution of protected areas
tures and negatively correlated with mean monthly precipitaand biodiversity hotspots.
tion (Salloum and Mitri, 2014). Increasing fire occurrence was
Overall, fire risk is a combination of likelihood, intensity,
also observed in association with high maximum temperatures
and effect (Miller and Ager, 2013). Understanding the comand long dry seasons. In addition, average length of the fire
ponents that comprise wildfire risk is important for predictseason extended over 146.6 days and was negatively correlating when and where a fire is more prone to occur and spread
ed with mean annual precipitation (Salloum and Mitri, 2014).
and the degree to which it will have negative impacts on
The social and ecological impacts resulting from increasing
communities and ecosystems. Our study explicitly estimates
number of large fires in Lebanon is a National concern (Mitri
biophysical and climatic spatial characteristics for fire occurand Gitas, 2011). Most recently, a National Strategy for Forest
rence (Pinol et al., 1998), expressed here as “fire hazard,” and
Fire Management (Decision No. 52/2009) was endorsed by
the potential damage that it may cause, expressed here as “fire
the Lebanese Council of Ministers (MOE/AFDC, 2009). This
vulnerability” (Chuvieco et al., 2010).
strategy highlighted the need to reduce risk of intense and
In this context, this study evaluated the spatial distribution
frequent forest fires while allowing for fires that are socially,
of wildfire risk in Lebanon. The specific objectives were to
economically, and ecologically sustainable. Important compoidentify and map (a) wildfire hazard, (b) wildfire vulnerabilnents of this strategy include: (a) developing improved modity, and (c) wildfire risk.
els of wildfire risk assessment, and (b) outlining strategies for
To address these objectives we used geospatial datasets
responding to and adapting to projections of future climatic
that included biophysical and climatic data. Because we used
conditions that will likely further promote large and intense
multi-resolution data in addition to multi-source bio-physical
fires in the Mediterranean. These tasks will be critically necand climatic data, it was necessary to develop new methods
essary for implementing effective fire prevention policies.
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During the past decade, Lebanon has experienced a large number
of severe wildfires that have had significant social and ecological
consequences. In this context, the assessment of wildfire risk is
important to support planning of fire prevention measures and
risk mitigation. The purpose of this study was to assess the spatial
distribution of wildfire risk in Lebanon. The objectives were to identify and map (a) wildfire hazard, (b)wildfire vulnerability, and (c)
wildfire risk. We developed a model using geospatial biophysical
and climatic data and Geographic Object-Based Image Analysis
(GEOBIA). Development of the wildfire hazard map included classification of forest fuel type, combustibility, and fire spread whereas
the vulnerability map included classification of demographic vulnerability (i.e., boundary, occupation and scatter indicators) and
forest vulnerability (i.e., environmental and replacement values).
The resulting geospatial map of wildfire risk provided important
information for potential use in fire risk management.
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and techniques to handle these multi-dimensional data sets
and accurately extract the required information. These new
methods and techniques include the use of GEographic
Object-Based Image Analysis (GEOBIA) where the information necessary to interpret an image is represented in image
objects and not represented in a single pixel (Blaschke, 2010).

GEOBIA Framework

To map wildfire hazard, vulnerability and overall wildfire risk
we used the software ecognition® within a GEOBIA framework
(Mitri and Gitas, 2004) which utilizes image objects instead of
image pixels. More precisely, GEOBIA allows the integration of
a broad spectrum of different object features such as spectral,
shape, and texture (when using Very High Resolution imagery) and contextual values, for image analysis. Synergizing all
these features is expected to address image analysis tasks that
Methodology of Work
have not been possible until present (Mouflis et al., 2008).
Study Area and Dataset Description
Each mapping iteration required two steps within the GEOBIA
The study area is the Country of Lebanon (total surface of
framework,
namely, segmentation and classification of seg10,452 km2) in the Mediterranean Region (Figure 1). Lebanon
mented images. First, the strategy behind image segmentation
is divided into four distinct physiographic regions: the coastal
was to create networked image objects. This means that difplain, the Lebanon mountain range, the Beqaa Valley, and
ferent object levels can be analyzed in relation to each other.
the Anti-Lebanon mountains. The Lebanon mountain range
Segmentations at the image pixel level were generated using
where most of Lebanon’s forests are present is carved by naran average abstract scale of 10. The segmentation process
row and deep gorges. The mountain range rises steeply from
included the following weights: 10 percent for shape, 90 perthe Mediterranean coast to mountains reaching 3,088 meters
cent for color, and 50 percent for compactness. The segmenabove sea level.
tation parameters were determined empirically in order to
An assessment of the land cover classes in Lebanon
produce highly homogeneous objects in specific resolutions
showed that burnable lands (forests and other wooded land)
and for specific purposes. As a result of conducting segmentacover 24.5 percent of the Lebanese territory (MOE/UNDP/ECODIT
tion at two different levels, a hierarchy of image objects was
2011). The major forest species widespread in Lebanon are
created. Every image object in this hierarchy is networked in a
Quercus calliprinos, Quercus infectoria, Quercus cerris var.
manner that each image object ‘knows’ its context in relation
pseudo cerris, Juniperus excelsa, Cedrus libani, Abies silicica,
to other image objects. The sub-objects were created at the
Pinus pinea, Pinus halepensis, Pinus brutia, and Cupressus
pixel level of the Landsat TM image, while the super-objects
sempervirens.
were created at the cadastral units’ level (i.e., villages) using
Lebanon’s climate is characterized by dry summers extendthe administrative map of Lebanon.
ing from June to November (Salloum and Mitri, 2013) with
The classification incorporated also contextual information
average daytime temperatures above 30°C, and little rain with
in addition to other features extracted from the digital values
around 90 percent of the total annual precipitation falling
of the images and from the attribute tables of the shapefiles.
between November and March.
The classification was based on fuzzy logic and consisted of a
Like other Mediterranean countries, fire occurrence and
combination
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lation, seasonal drought, temperature,
precipitation
(MOE/
those values of a feature that were regarded as typical, less
UNDP/ECODIT 2011; Salloum and Mitri, 2013) although most
typical, or not typical of a class, (i.e., high, low, or zero memwildland fires in Lebanon are started by human activities
bership, respectively, of the fuzzy set).
(FAO, 2013).
Subsequent steps are then completed for mapping wildlife
Geospatial biophysical and climatic data in additional to
hazard, vulnerability and overall wildfire risk, respectively
other ancillary data were employed. These included the 1998
(Figure 2). A description of each subsequent step and its asland-cover/land-use map of Lebanon which was produced
sociated term is presented in the following sections.
for the Lebanese Ministry of Agriculture (MoA) in 2002 using
Landsat and Indian Remote Sensing (IRS) satellite images
acquired in 1998. This was the only official map providing a
Mapping Wildfire Hazard
detailed representation of the National land-cover/land-use.
Wildfire hazard mapping involved the classification of (a) fire
However, changes in landlcover/landluse (i.e., conversions to
spread which was a function of fuel type, fuel combustibility,
settlements) were identified using a recent database of urban
and slope of terrain, and (b) fire potential index, which was
areas and a map of urban areas produced by Tragsatec in 2010
mainly derived from geospatial climatic data. Both were claswith the use of Ikonos satellite imagery (Tragsatec, 2012). Data
sified at the sub-object level.
on protected natural reserves published by MoA was also used.
The land-cover/land-use map of Lebanon and the Landsat
A geo-referenced Landsat TM imagery (acquired in 2012), and
TM imagery were used for image segmentation and classifia Digital Elevation Model (DEM) of 25 meter resolution and
cation for fuel type mapping (Mitri et al., 2012). The Proan administrative map of Lebanon were also collected (MOE/
metheus fuel type classification system (Lasaponara et al.,
UNDP/UOB, 2013).
2006) which is considered to be better adapted to the MediterDatasets of monthly maximum temperature, monthly preranean ecosystem was used (Table 1) for classifying the image
cipitation, and mean annual rainfall (1-km spatial resolution)
objects into the different types of fuel. Consequently, the fuel
of current (1950 to 2000) conditions were extracted from the
combustibility classification system was associated with the
“Worldclim” database for the calculation of the KBDI index.
different fuel type classes (Table 1). Fuel categorization in reThese data were generated through interpolations of reprelation to combustibility was based on a comparison with the
sentative observed data from major global climate databases
combustibility of the fuel models classification established by
(Hijmans et al., 2005).
Rothermel and adapted for the Spanish Forest System by the
Finally, the extents of burned areas between 1999 and 2012
Directorate General for Biodiversity (Tragsatec, 2012).
were collected in shapefiles for use in the evaluation of the
Slope steepness plays a significant role in fire spread and
classification results. These data were extracted from multibehavior (Keane et al., 2001; Millington, 2005). Accordingly,
temporal Landsat TM imagery on a yearly basis from the year
fire spread involved classifying image objects based on the
1999 to 2012 (MOE/UNDP/UOB, 2013).
contextual information of fuel combustibility and the slope
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Figure 1. (a) Location of Lebanon in the Mediterranean, and (b) the study area of Lebanon.
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Figure 2. Flowchart of the methodology of work.
Table 1. The Prometheus Fuel Type Classes and their Corresponding Combustibility Levels
Fuel type

% Coverage

Description

Combustibility

1

Ground fuels (cover > 50%)

Grass

High

2

Surface fuels
(shrub cover > 60%; tree cover < 50%)

Grassland, shrubland (smaller than 0.3-0.6 m and with a high percentage
of grassland), and clear-cuts, where slash was not removed.

Moderate

3

Medium-height shrubs
(shrub cover > 60%; tree cover < 50%)

Shrubs between 0.6 and 2.0 m

High

4

Tall shrubs (shrub cover > 60%;
tree cover <50%)

High shrubs (between 2.0 and 4.0 m) and young trees resulting from
natural regeneration or forestation.

Very high

5

Tree stands (>4 m) with a clean
ground surface (shrub cover < 30%)

The ground fuel was removed either by prescribed burning or by
mechanical means. This situation may also occur in closed canopies in
which the lack of sunlight inhibits the growth of surface vegetation.

Low

6

Tree stands (>4m) with medium
surface fuels (shrub cover > 30%)

The base of the canopies is well above the surface fuel layer (>0.5 m).
The fuel consists essentially of small shrubs, grass, litter, and duff.

High

7

Tree stands (> 4m) with heavy surface
fuels (shrub cover >30%)

Stands with a very dense surface fuel layer and with a very small vertical
gap to the canopy base (<0.5 m).

High
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Table 2. Combined Use of Combustibility and
Slope for Mapping Wildfire Spread
Combustibility
(class 1)\
slope (class 2)

Low
(0-10%)

Medium
(10-30%)

High
(30-50%)

Very high
(>50%)

The final classes for the fire hazard map (low, moderate,
and high, and very high) involved the combined classification
of the annual KBDI and fire spread maps and contextual information following the same cross-mapping approach of “class
1” and “class 2” as in the previous case (Table 2).

Mapping Wildfire Vulnerability

No Combustibility

No risk

No risk

No risk

No risk

Low

Low

Low

Moderate

High

Boundary category

Index

Wildfire vulnerability is defined by the extent of loss and/
or damage that may affect people, goods, services, and the
environment after a fire event. As a result, the overall wildfire
vulnerability of Lebanon was primarily evaluated based on
demographic and forest type vulnerabilities. Both were classified at the super-object level.
First, the demographic vulnerability was defined as the
population’s sensitivity level regarding a possible fire event.
Demographic vulnerability was evaluated with three different indicators, (1) occupation, (2) boundary, and (3) scatter indicators for each cadastral unit (i.e., village). First, all
urban areas and settlements at the cadastral unit level were
identified and mapped using information extracted from the
attribute tables of the urban and administrative maps of Lebanon. Second, forest vulnerability was defined as the level of
losses that forest systems may suffer in the event of a wildfire.
It is calculated based on the environmental value index and
the replacement value index. The calculation of the different
indicators is described as follows.

Zero

0

Occupation Indicator

Medium

Low

Moderate

High

High

High

Moderate

Moderate

High

Very High

Very high

Moderate

High

Very High

Very High

Table 3. Occupation Intervals
Occupation Interval (ha)

Occupation category

Index

0

Zero

0

]0-57]

Low

1

]57-116]

Moderate

2

>116

High

3

Table 4. Boundary Intervals
Boundary Interval (m)
0

The Occupation Indicator estimated the total density of constructions/homes present in a fire hazard area (i.e., a higher
]9716-19432]
Moderate
2
occupation implies a higher demographic vulnerability). Four
intervals and categories of the Occupation Indicator were de>19432
High
3
termined (Table 3). The range of values obtained for the country (maximum occupation-minimum occupation) was equally
Table 5. Scatter Indicator
Delivered divided
by Ingenta
into three groups and classified for all cadastral units.
Scatter Interval (m)
Scatter category
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]0-9716]

Low

1

0

Boundary Indicatorand Remote Sensing
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Zero
0

]0-3232]

Low

1

]3232-6464]

Moderate

2

>6464

High

3

of terrain derived from the DEM of Lebanon and following
the cross-mapping approach as per Table 2. Fire spread maps
included the classes: low, moderate, high, and very high.
Following fire spread classification, KBDI was selected for
the development of Lebanon’s climate-based wildfire potential index (Mitri et al., 2014). The drought index ranges from
0 to 800, where a drought index of 0 represents saturated
soil (no moisture depletion), and an index of 800 represents
extreme or absolute dry conditions.
The spatial datasets of monthly maximum temperature,
monthly precipitation, and mean annual rainfall (1-km spatial
resolution) were employed for the calculation of KBDI using the
Model Maker module in ERDAS Imagine® software (Janis et al.,
2002; Liu et al., 2010). The monthly values were first converted to daily values by assuming that no daily variations exist
within a specific month (Liu et al., 2010). The calculations
consisted of three steps (Liu et al., 2010): (1) values were calculated for each day over the average period of the dataset, (2)
the same calculation was made starting from 01 January but
using KBDI on 31 December as the initial value (the steps were
repeated 30 times until the difference between two adjacent
years became negligible), and (3) the resulting daily maps were
converted into average monthly KBDI images, and subsequently
into an annual KBDI image for analysis. The different fire potential classes, namely very low, low, moderate, high, and very
high, were thus based on the ranges of the annual KBDI values.
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The Boundary Indicator was defined as the sum of the length
(meters) of a common perimeter between urban and fire
hazard area, representing the degree of contact between urban
and fire hazard areas. High values indicate a higher threat to
human lives. Four intervals and categories of the Boundary
Indicator were determined (Table 4). The range of values obtained for the country (maximum value-minimum value) was
divided into three groups and classified for all cadastral units.

Scatter Indicator

The Scatter Indicator estimates dispersion of residences in fire
hazard areas. It was calculated as the sum distance between
the centers of the settlements located in a fire hazard area
over the number of settlements. A high scatter meant a high
distance between homes, and therefore, increased resources/
time needed to protect people and their individual homes.
Four intervals and categories of the Scatter Indicator were
determined (Table 5). The range of values obtained for the country (maximum value-minimum value) has been analyzed and
divided into three groups and classified for all cadastral units.

Environmental Value Index

The environmental value index integrates the ecological and
recreational values of forest systems, and is identified based
on the value that society gives to their ecosystems. In Lebanon, these areas generally correspond to protected areas such
as forests (usually by a ministerial decision) or forest natural
reserves (created by a National law). Thus, to determine the
environmental value of forest systems that are present in each
of Lebanon’s cadastral units (i.e., villages), the occurrence
of protected areas was taken into consideration. The intervals which determined the environmental value index were
defined as follows: low (no occurrence of protected areas),
moderate (either existence of protected valleys or existence of
PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING
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protected areas), high (either existence of both protected areas
and protected valleys or existence of areas neighboring natural reserves), and very high (existence of natural reserves).
The environmental value index was mapped using information about the occurrence of natural reserves and protected
areas within each cadastral unit in Lebanon.

Replacement Value Index

The replacement value index was calculated by estimating a
relative value for recovery of a forest ecosystem after fire. Given that the regeneration of treeless forest systems is relatively
fast, the actual replacement cost comes from the wooded
forest systems affected by the fire. To calculate replacement
value, the actual forest area within each cadastral unit forming Lebanon has been taken into consideration. The intervals
that would determine the replacement value indexes were
defined through the analysis of the range of values obtained
for the whole country (maximum value - minimum value) and
through the division by the number of defined intervals. Accordingly, this index was mapped by extracting wooded forest
areas of cadastral units from the land-cover/land-use map of
Lebanon, and the intervals and categories were defined as per
Table 6.

Mapping Wildfire Risk

Eventually, wildfire risk was mapped as product of wildfire
hazard and the overall vulnerability. Specifically, the combined classification of wildfire hazard and overall vulnerability resulted in the final wildfire risk map with the following
classes: no risk, low, moderate, high, and very high wildfire
risk (Table 7).

Results and Discussion

The mapping of current wildfire hazard in Lebanon involved
the use of (a) fire spread derived from fuel type, combustibility and the slope of the terrain, and (b) fire potential index
derived from geospatial climatic data.
Lebanon’s vegetation cover can be classified into a variety of fuel structure and density that exert strong control on
characteristics of fire spread. Monthly and annual wildfire
potential maps for current climatic conditions were generated
to estimate the fire potential index. All classifications were
documented in spatially explicit maps and the quality of the
calculated monthly KBDI values was evaluated by comparing
monthly KBDI averages for Lebanon and monthly FWI averages
for the Eastern Mediterranean as extracted from the European
Forest Fire Information System (EFFIS) for the past decade.
Overall Vulnerability
This comparison showed a similar trend of increasing wildfire
The overall vulnerability represented the combined classificapotential between March and September (Figure 3).
tion of demographic and forest vulnerabilities at the superFurthermore, the KBDI results for each month of the year
object level.
comprised
the following information for each of the previFirst, the demographic vulnerability was mapped by addously listed wildfire potential classes: (a) the total area of the
ing the three indicators (occupation, boundary, and scatter) in
class in each month, (b) the corresponding mean DEM (meters
a pairwise classification analysis, using contextual informaabove sea level (masl), and (c) the equivalent land-cover/landtion of image objects, and following the previously discussed
use area (i.e., forests, grasslands, among others). Overall, the
cross-mapping approach. Image objects were classified into
class “Very High” occurred in each month of the year with an
the classes: low, moderate, and high demographic vulnerincreasing trend starting the month of March and a decreasDelivered by Ingenta
ability. Second, the mapping of overall forest vulnerability
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trend
starting
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September, October, and November. It was also found that the
the previously discussed demographic vulnerability and the
classes “High” and “Very High” gradually expanded to areas
forest vulnerability maps. The classes of low, moderate, high,
at higher elevations starting April-May continuing to Sepand very high overall vulnerability were classified using
tember. Comparing the distribution of forested and grassland
contextual features and following the same cross-mapping
vegetation types in relation to wildfire potential, it was found
classification approach as in the previous cases.
that these vegetation types experienced “Very High” KBDI values for the months of August throughout November.
Table 6. Intervals and Categories of the Replacement Value Index
The current wildfire hazard map provided an overview of
Wooded forest surface (ha)
Replacement value index
the fire hazard distribution across Lebanon (Figure 4). As a result, it was found that 203,109 ha (60 percent) of Lebanon (ex0
0
cluding agricultural and non-vegetated areas) were classified
]0-0.25]
1( low)
as high hazard, while 123,832 ha (37 percent) were classified
as moderate fire hazard. Only 4,182 ha (1 percent) were clas]0.25-0.5]
2 (moderate)
sified as low hazard, and 7,096 ha (2 percent) were classified
]0.5-0.75]
3 (high)
as very high hazard. The determination of the final wildfire
hazard classes was affected by a combination of bio-physical
>0.75
4 (very high)
and climatic factors. This is expected to minimize the impact
of potential inherited errors in the originally employed data
Table 7. Combined Use of Overall Vulnerability and Wildfire Hazard for
(e.g., spatial climatic data). A more detailed investigation of
Mapping Wildfire Risk
the classification results showed that slope steepness across
Overall vulnerability Low
Moderate High
Very
Lebanese territories and the presence of dense vegetation
\wildfire hazard
high
cover were the main contributors to an increased fire spread,
and therefore, to an increased overall wildfire hazard. On one
Low
Low
Moderate Moderate High
side, 67 percent of Lebanon was classified as low combustibilModerate
Moderate Moderate High
High
ity fuel, 11 percent as moderate combustibility, 12 percent as
high combustibility, and 10 percent as very high combustibilHigh
Moderate High
High
Very
ity. On the other side, 67 percent of Lebanon was classified
high
as moderate fire spread while, 18 percent as high fire spread,
Very High
High
High
Very
Very
and 3 percent as very high spread.
high
high
The extent of burned areas between 1999 and 2012 was
previously collected for evaluation of the performance of the
fire hazard classes. The sum of 7,260 ha of burned areas was
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Figure 3. Comparison between monthly kbdi averages for Lebanon and monthly FWI averages for the Eastern Mediterranean.
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(b)
Figure 4. (a) Spatial distribution of wildfire hazard classes, (b) distribution of cadastral units in function of overall wildfire vulnerability.
recorded between 1999 and 2012, only within fire hazard
classes, and excluding fires in agricultural lands. When
analyzing the distribution of the fire-affected areas over the
different fire hazard classes it was found that 73.4 percent
of fire affected areas fell within the class of high fire hazard,
followed by 23.3 percent within moderate hazard. The class
low fire included 0.3 percent of the fire-affected areas, while
the class very high fire hazard included 3 percent of the fireaffected areas. Although the distribution of burned areas is
comparable to fire hazard classes, a larger temporal extent of
fire datasets would improve assessment of the results.
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An overall vulnerability map was derived from the previously discussed demographic vulnerability and the forest
vulnerability maps. The spatial distributions of each category
of the overall vulnerability map were produced. Only five out
of 1604 cadastral units were characterized as highly vulnerable to wildfire, whereas 566 cadastral units were characterized as moderately vulnerable to wildfire (Figure 4). This
was explained by a more detailed investigation of the classified Lebanese cadastral units showing that (a) 96 percent of
the units were classified as low demographic vulnerability,
and (b) 65 percent as low forest vulnerability, 30 percent as
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(a)

(b)

(c)

Figure 5. Subset maps of (a) wildfire hazard, (b) vulnerability, and (c) risk.
moderate forest vulnerability, and only 4 percent as high
forest vulnerability. More specifically, the ecological and
recreational values of forest systems (i.e., forest protected
areas and natural reserves), in addition to the actual extent of
forested areas within each cadastral unit, were the main factors contributing to an increased overall vulnerability.
Finally, an overall fire risk map for Lebanon was derived
by combining wildfire hazard and vulnerability estimates
(Figure 5). A further investigation of the spatial distribution
Delivered by Ingenta
of fire risk classes showed that most of the coastal area of
IP: 5.10.31.151 On: Mon, 09 Jan 2023 14:14:43
Lebanon was classified as “No risk.” This was mainly attribCopyright: American Society for Photogrammetry and Remote Sensing
uted to the dense urbanization of the coast and subsequent
lack of burnable and/or continuous fuels. The average elevations of areas classified as “Very High”, “High”, “Moderate”,
and “Low” risk were 672 meters, 768 meters, 953 meters, and
1608 meters above mean sea level, respectively. This was
mainly attributed to the availability, type, and density of fuel
in addition to the distribution of settlement along the mountain slopes. In general fire prone dense forests (i.e., Quercus
calliprinos and Pinus brutia) are found on lower altitude of
the western slopes of Mount Lebanon, while lower density
forests (i.e., Cedrus libani, Abies Cilicica, and Juniperus excelsa)
are found at higher altitude. In addition, the unplanned urban
sprawl towards natural areas is increasing wildfire risk in the
Figure 6. Spatial distribution of wildfire risk.
Wildland-Urban Interface (WUI).
Overall, 45 percent of the vegetated area in the country
(excluding agricultural and built-up areas) was characterized
information critical for developing effective fire prevenas having high risk of fire, whereas 48 percent of the vegetated
tion policies and adaptation strategies. Important next steps
area was classified as having moderate risk of fire (Figure 6).
include incorporating wildfire risk data with daily fire danger
maps to more accurately predict the spatially explicit risk of
fire ignition and spread.

Conclusions

A wildfire risk map of Lebanon was developed by identifying
and mapping wildfire hazard and wildfire vulnerability and
by employing various sets of geospatial data of Lebanon. Our
results present a systematic and integrated approach for assessing the spatial variability of wildfire risk.
Evaluating the quality of the classification results of wildfire hazard, we found that the distribution of burned areas
over 13 years corresponds well to the fire hazard classes we
identified. However, a larger temporal extent of fire datasets
are needed for improved assessment of the results.
Overall, the use of GEOBIA provided a better understanding of the spatial variability of fire risk across Lebanon,

PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING

06-15 June Peer Reviewed.indd 505

Acknowledgments

This material was published in association with the project
“Towards a Better Assessment and Management of Wildfire
Risk in the Wildland-Urban Interface in Lebanon: Gaining
from the US experience” supported by the Partnerships for
Enhanced Engagement in Research (PEER), sponsored by USAID. The contents do not necessarily reflect the views of USAID
or the United States Government.

J u n e 2015

505

5/20/2015 2:09:11 PM

References

Millington, J.,2005. Wildfire risk mapping: Considering
environmental change in space and time, Journal of
Blaschke, T., 2010. Object based image analysis for remote sensing,
Mediterranean Ecology, 6(1):33–42.
International Journal of Photogrammetry and Remote Sensing,
65:2-16.
Mitri, G., and I. Gitas, 2011. The role of remote sensing in the
implementation of Lebanon’s national strategy for forest fire
Bühler, M., M.T. Curth, and L.A. Garibaldi, 2013. Demography and
management, Proceedings of the 8th International Workshop on
socioeconomic vulnerability influence fire occurrence in Bariloche
Advances In Remote Sensing and GIS Applications (J. San(Argentina), Landscape and Urban Planning, 110:64–73.
Miguel Ayanz, I. Gitas, A. Camia, and S. Oliveira, editors), 20-21
Chuvieco, E., I. Aguado, M. Yebra, H. Nieto, J. Salas, M.P. Martín,
October, Stresa, Italy, 209 p.
L. Vilar, J. Martínez, S. Martín, P. Ibarra, J. De la Riva, J. Baeza,
Mitri, G., and I. Gitas, 2004. A semi-automated object-oriented model
F. Rodríguez, J.R. Molina, M.A. Herrera, and R. Zamora, 2010.
for burned area mapping in the Mediterranean region using
Development of a framework for fire risk assessment using
Landsat-TM imagery, International Journal of Wildland Fire.
remote sensing and geographic information system technologies,
13(3):367–376.
Ecological Modelling, 221:46–58
Mitri, G., M. Jazi, and D. McWethy, 2014. Investigating temporal and
Dimitrakopoulos A.P., A.M. Bemmerzouk, and I.D. Mistsopoulos,
spatial variability of wildfire potential with the use of object2010. Evaluation of the Canadian Fire Weather Index System
based image analysis of downscaled global climate models,
in an Eastern Mediterranean Environment, Meteorological
South-Eastern European Journal of Earth Observation and
Applications, 18:83–93.
Geomatics, 3(2S):251–254.
FAO, 2013. State of Mediterranean Forests 2013. Rome, ISBN:
Mitri, G., L. Salloum, and M. Nader, 2012. Forest fuel type mapping
9789251075388, URL: http://www.fao.org/docrep/017/i3226e/
in Lebanon, Proceedings of the 18th International Science
i3226e.pdf (last date accessed: 20 April 2015).
Meeting, 22-24 March, Beirut, Lebanon, pp. 24–28.
Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones, and A. Jarvis, 2005.
MOE/AFDC, 2009. Lebanon’s National Strategy for Forest
Very high resolution interpolated climate surfaces for global land
Fire Management, Decision No. 52/2009, The Ministry of
areas, International Journal of Climatology, 25:1965–1978.
Environment and the Association for Forests, Development and
Janis, M.J., M.B. Johnson, and G. Forthun, 2002. Near-real time
Conservation, Beirut, Lebanon
mapping of Keetch-Byram drought index in the south-eastern
MOE/UNDP/ECODIT, 2011. State and Trends of the Lebanese
United States, International Journal of Wildland Fire, 11:281–289.
Environment 2010, Ministry of Environment, Beirut, Lebanon.
Karali, A., A. Roussos, C. Giannakopoulos, M. Hatzaki, and G.
MOE/UNDP/UOB, 2013. National Greenhouse Gas Inventory Report
Xanthopoulos, 2012. Evaluation of the Canadian Fire Weather
and Mitigation Analysis for the LULUCF sector in Lebanon (Final
Index in Greece and future climate projections, Advances in
Report), Ministry of Environment, Beirut, Lebanon. Mouflis, G.,
Meteorology, Climatology and Atmospheric Physics, Springer
Atmospheric Sciences, pp. 501–508.
I. Gitas, S. Iliadou, and G. Mitri, 2008. Assessment of the visual
impact of marble quarry expansion (1984-2000) on the landscape
Keane, R., R. Burgan, and J. Wagtendonk, 2001. Mapping wildland
of Thasos island, NE Greece,. International Journal of Landscape
fuels for fire management across multiple scales: Integrating
and Urban Planning, 86(1):92–102.
remote sensing, GIS, and biophysical modeling, International
Journal of Wildland Fire, 10:301–319.
Pinol, J., J. Terradas, and F. Lloret, 1998. Climate warming, wildfire
by Ingenta
hazard, and wildfire occurrence in Coastal Eastern Spain,
Keetch, J.J., and G.M Byram, 1968. A Drought Index for ForestDelivered
Fire
Change,
38(3):345–357.
Control, USDA Forest Service Research Paper
No. SE-38, pp.On: Mon, 09Climatic
IP: 5.10.31.151
Jan 2023
14:14:43
1–32.
Copyright: American Society for Photogrammetry
and
Remote
Sensingthe temporal pattern of
Salloum, L., and G.
Mitri,
2014. Assessing
fire activity and weather variability in Lebanon, International
Lasaponara, R., A. Lanorte, and S. Pignatti, 2006. Characterization
Journal of Wildland Fire, 23(4):503–509.
and mapping of fuel types for the Mediterranean ecosystems of
Pollino National Park in southern Italy by using hyperspectral
Salloum L., G. Mitri, and I. Gitas, 2013. The use of very high
MIVIS Data, Earth Interactions, 10(13):1–11.
spatial resolution SPOT imagery for fire risk characterization,
Proceedings of 9th International Workshop of the EARSeL Special
Liu, Y., J. Stanturf, and S. Goodrick, 2010. Trends in global
Interest Group (SIG) on Forest Fires, 15-17 October, University of
wildfire potential in a changing climate. Forest Ecology and
Leicester, UK, pp. 112–116.
Management, 259:685–697.
Sharples, J.J., 2009. An overview of mountain meteorological effects
Melton, M. 1989. The Keetch/Byram Drought Index: A guide to fire
relevant to fire behavior and bushfire risk, International Journal
conditions and suppression problems, Fire Management Notes,
of Wildland Fire, 18:737–754.
50(4):30–34.
Tragsatec, 2012. Lebanon’s National Fire Prevention Plan, Produced
Miller, C., and A. Ager, 2013. A review of recent advances in risk
within the project Strengthening Lebanese Capabilities in Forest
analysis for wildfire management, International Journal of
Fire Control Operations and Prevention, funded by the Spanish
Wildland Fire, 22:1–14.
Agency for International Development Cooperation (AECID),
Beirut, Lebanon.

506

June 2 015

06-15 June Peer Reviewed.indd 506

PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING

5/20/2015 2:09:12 PM

