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Project’s summary info

\

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

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

v Implementation period: 2012-2016

v’ Study area: the entire Lebanese territory

Mitri, G. 2016, Peer meeting, Amman




Background information

Mediterranean climate
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Background information (Contn’d)

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

* Overexploitation

* Natural habitats’ degradation and loss (including fragementation)

e Forest Fires

Mitri, G. 2016, Peer meeting, Amman



Background information (Contn’d)
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Highlights from the National Strategy of fire management (No.52/2009):

v' 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.

Mitri, G. 2016, Peer meeting, Amman



Background information (Contn’d)
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The needs as per Lebanon’s National strategy:

v A shift towards an enhanced capacity of stakeholders in Lebanon to assess and
manage wildfire risk in light of future climate change

v' 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.

Mitri, G. 2016, Peer meeting, Amman



Indirect causes of fires

Changes in agricultural habits and disappearance of traditional agricultural industries

Disappearance of
traditional clay
production, molasses, silk
production

Marginalization of land
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Indirect causes of fires

Impenetrable thick scrub vegetation
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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




Main direct causes of fires

Burning agricultural wastes
Land clearing by fires
Uncontrolled waste disposals

Fireworks and campfires

o O 0O 0O O

Arson




As a result....

Increase in fire occurrence
and burned areas

> Relatively large scale
wildfires affecting Lebanon's
forests

» Increase  of  frequency,
intensity and extent of fires

25

UNIVERSITY OF
) BALAMAND

1988

- 2013



A changing world

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)




Land use changes

L —

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.







Urban sprawl: increased risk in the wildland-Urban Interface

\

» 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).




v ~ T L T
' = = . = oy g f ! i n = il = .
ia y = = - [ Lps = ' 1 7 1 ! ¥ i %,
' o T 1 - ¥ rh =i = o= -:I'_H' = -
: e i e o A el 5 L L = FT ks 5T r r S T = ey
b T ik -:.—' - e, -_-.;_--I:1.\_ a4 d _ﬁ_.-‘_ FRRW ol e 5 - [T 1= 1:.-""'l.l..|.' et ¥

L B -!
£ =



T R e L
I v T 4
¢

B R A !
" m_ ._ﬁ,.,\\..i iy B ’
oy e Ty
pL :
L T b : ;
J : ,

-

"7 |

rge (2010)

‘.!‘4" “ I

L4

ri; Geo
- Y

4

f -ﬁ
4
s T




Rl ™

““x Mitri, George (2010)



Wildland Rural Interface, the agricultural Interface

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

UNIVERSITY OF
"‘QE’ BALAMAND

g8 - 2013



Weakening of agricultural activities in
Lebanon

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
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Climate change is worsening the situation: highlights from IPCC 2007

Global mean annual temperature change relative to 1980-1999 (°C)
1 2 3 4 55

Increased water availability in moist tropics and high latitudes == = e - - - - .= -— - == = = -

Decreasing water availability and increasing drought in mid-latitudes and semi-arid low latitudes mm = — =

Hundrads of millions of people exposed 10 increasad Wator SIrOSS mm mm mm mm = = ———————— ]

Up to 30% of species at Significant! extinctions g
increasing risk of extinction around the globe

Increased coral bleaching === Most corals bleached = Widespread coral mortality == == == = e o= ——— o= -

ECOSYSTEMS Terrostrial biosphere tends toward a net carbon source as:

~15% ~40% of acosystems affctad -}
creasing species range shifts and wildfire ris

Complex, localised negative impacts on small holders, subsistence farmers and fishers == == == - - - - - -

Tandencies fpr careal pmductivity_ Productivity of all cereals — — wpm
FOOD to decrease in low latitudes decreases in low latitudes

Tendencies for some cereal produttivity p———— Ceredl productivity to
to increase at mid- to high latitudes decrease in some regions

Ecosystem changes due to weakening of the meridional -
overturning circulation

Increased damage from floods and SIOTMS = e e e - - - - - - - -

About 30% of
global coastal mm e me e e - - - -

COASTS wetlands lost!

Millions more people could eXperience . o o e o - - - -
coastal flooding each year

Source: IPCC AR 4 WGII (2007)

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 2014

Increased damages from Europe
river and coastal floods —

/ é
<

Increased damages
ﬁ from extreme heat

events and wildfires

Climate change 2014: Synthesis Report, Summary for Policymakers









Increasing length of fire seasons
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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

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?

VVVVYVYYY

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

Fire season calendar (Salloum and Mitri, 2012)



Large scale and recurrent fires

A serious threat to:

>

Human lives

Private property
Infrastructure
Environmental quality

Natural resources

)

UNIVERSITY OF
BALAMAND

1988 - 2013






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).




Conducted work

" Environmental/geophysical aspect |

Spatial climatic data

Statistical
analysis

Fire Potential Index
1x1 km of spatial

Overall current Socio-economic
fire risk (results chan

ey

T —

Overall land

i | |
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: Environmental Settlements

ocio-economic aspect

Protected areas, ‘ Hmiimiii




Dataset description

\

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

v' Landcover Land use map of Lebanon
v Global climatic datasets

v' Administrative maps

v Digital Elevation Model (25 m)

v'  Global datasets (e.g. precipitation)

v"National reports and datasets (socio-econ)

v"  Field data collection



Field-based data

Internal security
forces (police)

Ministry of Environment S e —— TEr——— =




Fuel type map of Lebanon

No Fuel

[ Fueltype 1
Fuel type 2

I Fuel type 3
Fuel type 4

I Fuel type 5

[ Fuel type 6&7

[ Agricultural land

u Fuel type 1
® Fuel type 2
u Fuel type 3
u Fuel type 4
® Fuel type 5
u Fuel type 6/7




Fuel combustibility map of Lebanon
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Fire spread map of Lebanon
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Current fire hazard map of Lebanon
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The KBDI is a measure

Monthly KBDI maps of Lebanon meteorological drought; it reflects

water gain or loss within the upper
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Areas of Increase in Fire Potential (KBDI)
Present vs 2020s

Level of increase
in KBDI values

<
[ 101050

0 125 25 50
| By s se— K



Wildland-Urban Interface in Risk of Fire Spread
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Wildland-Urban Interface in Risk of Fire Spread
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Overall vulnerability map of Lebanon
at the cadastral units level
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Biophysical fire risk map of Lebanon
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Overall fire risk (biophysical and socioeconomic)
map of Lebanon
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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.




FireLab (contn’d)

L ——

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)

L ——

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.




HTTP/S Requests to Web

@7

Responses from Web
Server (HTML, JavaScript)

Database server

:

Server Server Operating System

R =

Web
Application
Server

Web
Application
manages
database to
process data

Database Engine

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

Beirut Nabatich North + Akkar Maunt Leb South DataTable Country Report y - Select ALL - b

Type Of i [Current Fire Risk v
Area in hectares
oty Village Low current fire risk Moderate current fire risk High current fire risk Very high current fire risl
gﬂ ﬁﬂgﬁ:ﬂ in WUl | Aaba 0 8.75 0 0
(e ey o = = Aabadiye 0 168.81 292.88 0
s i f (boplyeial Aabaydat 0 96.62 120.31 0
sl e e — i Aabba 0 151.25 0 0
Aabbassiyet Sour |0 183.88 0 0
Aabboudieh 0 3.5 0.19 0
AAbdelli 0 122.31 94.5 0
Aabdine 0 48.69 110.44 0
Aabey 0 163.56 0.44 0
AAbra Saida 0 35.96 0 0
o 12345678910...

Bekaa Beirut Nabatiyeh North ‘ Mount Lebanon South DataTable Country Report

Distribution of risk of fire spread by classes

4388 %

Landuse of fire affected areas

o
-————— FEy

Country Profile of wildfire
characteristics

@n\um\[ﬂﬁ

B Low [C] Moderate NN High I Very High

Reporting year: 2008

[[Very High risk of fire spread] v|| Draw top villages ’

[ree—,

Top villages in kadaa: Baabda
Area(ha)

Generatedon: 772272014 ‘Ownership of fire affected areas
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Source: hame balamand edu ib/wildfire
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Ongoing activities

Fire dangerforecast maps
(Zip file)— Acquired daily by
email

Unzippedfiles (three shapefiles with their
extension files)

Frocessar

h 4

h J

Fire risk map of
Lebanon
(shapefile)—
Acquired ance

Cadastral unit
map/boundaries of
village (shapefile)—
Acquired ance

v Producedfire dangerforecast
maps (atotal of 3 maps)—
produced daily

v Fire dangerbulleting (pdf report)
— produced daily

¥

e

Automated generation and sending
of email with the reportin attachment

- daily

Web interface (visualization of updated

information and queries)

¥

i~

Database

(Restricted access)

[

Lsers




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).

- FWIL
- FWI2
- FWIE3
- FWI
- FWI5
- @y FWI6

High Risk

(:} Low Risk
{00 Moderate Risk

- Mo Risk
@ Very High Risk

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



Expected results

» 6 classes of fire danger
» A 3-day fire danger forecast on a daily basis

» Automated generation and dissemination of fire danger forecast.

@ High fire danger @ High fire danger

@ Low fire danger @ Low fire danger

() Moderate fire danger o Mode.ﬁl.e ﬁr.e danger
@ No wildfire fire danger 2 g @ Mo wildfire fire danger
@ Very High fire danger it - @ Very High flra danger
@ Very Low fire danger - b B N i @) Very Low fire danger

@ High fire danger
@ Low fire danger

o

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



With the sole use
of a Fire Weather
Index

High Fire
Weather (FWI) Index

High Fire
Weather Index (FWI)



With the use of FireLab

Limited resources

High FWI and
high risk




Overall impact on national policies and institutions

L ——

» 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)



z
®)
Z
<
@
ud
'
Z
«
@
-
(P
(- 4
=
a
—
o
=
o
<
z
<
=
-

MANAGING
WILDFIRE RISK
IN LEBANON

An increasing risk in a changing world

Assessment of Wildfire Risk in Lebanon Using
Geographic Object-Based Image Analysis

George Mitri, Mireille Jazi, and David McWethy

Abstract

During the past decade, Lebanon has experienced a lorge number
of severs wildfines that hove hod significant social and ecological
consequen ces. In this contexd, the assessment of wilkdfire nisk is
Impartant fo support planning of fire prevention measures and
risk mitigrtion. The purpose of this study was io assess the spabial
distribution of wildfire msk in Lebanon. The objectives were to jden-
tifyr cand ma fiaf wilkdfire hosard, (Bwildfie seinembility, and fc)
wildfire risk. We developed a model using geospatial Bophysical
and climatic data and Geographic Object-Based Image Analvsis
(GEouEA ). Development of the wildfire hazomd map included clos-
sification of forest fuel fype, combustivility, and fire spread whereas
the vulnembility map included clossification of demogrophic wl-
nembility (e, boundary, oecupation and scatter indicefors] and
forest vulnemmbility {ie., emvironmentnl and replacement values].
The mesulting peospatiol map of wildfire dsk provided imporiont
information for potentiol use in fire fsk monogement.

Introduction

Wildfire is an important disturbance process that has shaped
the structure, composition, and function of Mediterranean for-
asts for centuries (Liu eral, 2000). However, in recent decades,
increases in wildfire ocourrence, size and intensity are having
profound and perhaps unprecedentad impacts on Mediter-
ranaan ecosystems (Chuvieco et al., 2010; Dimitrakopoulos et
al., 2000; FAQ, 2013; Liu et al., 2010).

Like other Maditerranean countries affected by wildfires,
Lebanon's forested scosystems have bean severel'}' impacted
the increase in the number and size of fires (Sallowm ef al.,
20113). Research has shown that recent fire ocourrence in Leba-
non was positively correlated with mean monthly tempera-
tures and negatively correlated with mean monthly precipita-
tion [Salloum and Mitri, 2014). Increasing fire oecurrence was
also ohsarved in association with high maximum temperatures
and long dry seasons. In addition, average length of the fire
saason extended over 146.6 days and was nagatively correlat-
ad with mean annual precipitation (Salloum and Mitri, 2014).

The social and ecological impacts resulting from increasing
numbar of large fires in Lebanon is a National concern (Mitri
and Gitas, 2011). Most recently, a National Strategy for Forest
Fire Management (Decision Mo. 52/2008) was endorsed by
the Lebanese Council of Ministers (MOE/AFDC, 2008). This
strategy highlighted the need w reduce risk of intense and
frequent forest fires while allowing for fires that are socially,
aconomically, and ecologically sustainable. Important compa-
nents of this stratagy include: (a) developing improved mod-
als of wildfire risk assessment, and (b) outlining strategies for
responding to and adapting to projections of future climatic
conditions that will likely further promote large and intense
fires in the Maditerransan. These tasks will be critically nec-
assary for implementing effective fire prevention policias.

George Mitrd and Mireille Jazi are with the Institute of the
Environment, University of Balamand, Kelhat-El Koura,
Lebanon [george mitri@balamand. edu.1h).

David McWethy is with the Department of Earth Sciences,
Montana State University, Montana.
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Research demonstrates that fire risk models represent char-
acteristics of fire behavior under specific climatic conditions
[Sharples, 2009). Climate models have been used to assess
fire risk, anticipating potentially dangerous conditions [Lin e
al., 2010). Several fire danger rating systems are used around
the warld, and one of the most widely employed indices is
the Fire Weather Index (FWI) used by the Canadian Forest Fire
Danger Rating System (Dimitrakopoulos ef al,, 2010). The Fwl
uses surface daily temperature, precipitation, relative humid-
ity, and wind speed to represant fusl moisture changes and
their effects on fire behavior (Dimitrakopoulos ef al., 2000;
Karali ef al, 2012). The Kestch-Byram Drought Index (kB0 is
anothar fire danger index, which is a pant of the National Fire
Danger Rating System (NFORS) in the United States (Kestch
and Byram, 1068; Malion, 1089). KBDI is a cumnulative esti-
mate of fire potential based on meteorological inpat param-
eters and an empirical approximation for moisture depletion
in the upper soil and surface litter levels (Keetch and Byram,
19648). KBII uses temperature and precipitation to estimate fire
potential (Janis ef al., 2002).

Many of these models rely solely on climatic variables
even though biophysical factors such as fuel type and to-
pography play a major role in determining fire spraad and
behavior. The complex interactions batween these compo-
nents directly influence fire spread and fammability of fuals.
Moreaver, demographic variables are critical for predicting
risk and hazard of fires on communities [Buhler ef al., 2013;
Chuvieco af al., 2010). To improve the assessment of both
social and ecological aspects of fire risk it is imporiant o
incorporate spatial distributions of populations and sattla-
mants and the presence and distribution of protected areas
and biodivarsity hotspots.

Overall, fire risk is a combination of likelihood, intensity,
and effect (Miller and Ager, 2013). Understanding the com-
ponents that comprise wildfire risk is important for predict-
mg when and where a fire is more prone to ocour and spread
and the degree to which it will have negative impacts on
communities and ecosystems. Our study explicitly estimates
biophysical and climatic spatial characteristics for fire ocour-
rence (Pinol ef al., 19948), expressed here as “fire hazard,” and
the potential damage that it may cause, axprassed here as “fire
vulnerability” ([Chuvieco et al, 2010).

In this comtext, this study evaluated the spatial distribution
of wildfire risk in Lebanon. The specific objectives were 1o
identify and map (a) wildfire hazard, (b) wildfire vulnerabil-
ity, and [c) wildfire risk.

" To address these objectives we used geospatial datasets
that included biophysical and climatic data. Because we used
multi-resolution data in addition to multi-source bio-physical
and climatic data, it was necessary to develop new methods
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