2. MORPHOLOGY, CLIMATOLOGY, HYDROLOGY
VEGETATION AND ENVIRONMENT

Geomorphology, geology and soil, climate arainfall, hydrology, water sector calculations, vegetation zones

fire forests and reforestation are the maitopicsof this chapter.

Geomorphology

Despite its little area, Lebanon enjoys various climatic zagrscultural orientation, forest speciasd four
geomorphologic zones

Table2.17 Geomorphologic zones of Lebanon

Seashore and Coastal plain

Extends over 220 km betwedmnida (North) and Ras ANagoura (South).
Deeply cut cliffsshowinga recent and accelerated erosion process. Lie at the bottom of
cliffs, gravel beaches, often bordered by sandy beaches, with variable lengths (20%
entire coast).
Varies in width beneath the Mouhtbanon range.
Very narrow along the majority of its length (7 km in average)
Wider at the Aakkar plain in the Norths width may reaci80 km with an elevation of 50!
m.
Coastalplain Narrows between Tripoli and Jabal Terbol

Excessively narrow (3km in average) interrupted by the crests of Mount Lebanon.

Widens slightly near Beirut and the Choueifat plain, as well as near Saida plain, from w

extends with no interruption towards the Tyr plain with an average width of 7 km.

Broken by a series of humps (crests) until reaching the southern border.

Western mountain range (Mount Lebanon)
Mount-Lebanon extends from the North of Jabal Aakar southward up to an elevation of 3008 m (Kornet el
and 1809 m (Jabal Niha), aftehich point the hills of Jabal Amel take the lead.
The total lengtlof the mountain range is 160 km.
Its width varies from 25 km at theotral part up to 45 km in thedxth.
The middle altitude area of Mount Lebanon is probably the most diversified i entire country: after a stil
elevation of abutments, several small hills form an intermediate graduation between the sea and the peak.
The western facade of the mountain range is cut by a series of narrow valleys parallel to each other
inclination seaward, carrying rivers and water courses.
The eastern slopes overhang the Bekaa valley, and are generally steepe thastern slopes. Theisea limited
number of seasonal rivers formed in winter as a result of the snowmelt.
The highaltitude areas are totally different than the middle altitudes and are characterized by stiff elevati
scarps that reach the peak.
Despite the important precipitations (more than two meters, in the form of snow), the landscape is dry and
beause of the water being wasted by infiltration through the karstic basins.
Crestline starts at around 1800 m and is formed of large, circular and grayish peaks, especiaMoiththe
Interior plain (Bekaa valley)
Depression aan average elevation 800 m and measures 120 km ) by 812 km (EW) in average, with ar
exceptional width of 25 km at Hermel (in thierth).
Slopes are very soft, with the highest point located near Baalbek at 1100 m, where the valley mingles
abutments of Antl.ebanon mountain range.
Northernand Comprises the valley of Nahr el Aassi and expands up till Haouch el Nabi in the soutl
Central Bekaa region, rich in agriculture, contains the sources of the Litani river.
Expands from ZahleRayakregion down to Marjaayoun in the South. This is also a
agricultural area producing a large variety of fruits and vegetables
Eastern mountain range (AntiLebanon)

Lower than Mount Lebanorthe high altitude area is a high plateau (dry) with a width of 30 km and an av
elevation of 200 m (the maximum being @16 m at Tallet Moussa). The plateau inclines southward reachir
elevated plain (800 m)thatcreates a natural breakp between Eastern part and Jabal el Cheikh (Mount Hern
The AntiLebanon mountain randes nadeep valleys as it is the case in Mount Lebanon.
Jabal el Cheikh extends over 100 km starting from Yanta in its North down to ShetbbaaSauth. Its crests an
slopes are a catchment feeding rivers flowiogards Bekaa valley (West), Houla Lake in Palestineuily and
Aaouej plain in Syria (&st). Thus, Jabal el Cheikh intercepts and redistributes water resources in this arid rec
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Geology and soil

Lebanon geological formations, settled until the MiocelPkocene periods, are formed mainly of
sedimentary carbon rocks, limestone and dolomite. In @res$ent, they include clastic rocks (detritic
rocks), sandstone, mudstone, marl and clay. Locsdigne viécanic rocks such as pyroclastic basa#ty be

found. Jurassic and cretaceous limestone represents the main feature (armature) of Lebanon topography.
Apart from recent sediments within the plain of Aakkar or the Bekaa valley, these are the core karstic

formations that determine the landscape and water resources in Lebanon.

Table 2.2 - Stratigraphic column of Lebanon

Period Epoch Thickness Lithology
Quaternary Pleistocene / Recent Variable Eolian sands and alluvium
; Limestonemarl, volcanic material, sand
Pliocene Up to 500m and conglomerate
4. Miocene Up to 300m Marly limestone, sand and conglomerati
ertia
v Eocene a%\{grrgl hundred  parly limestone
Paleocene ggr%?,]'ir;ﬁ]d with
Senonian (Chekka marl) 100 to 500m Marl
Turonian(Maameltain Lst.) 200 to 300m Marly limestone, limestone
Cenomanian (Sannine Lst.) Up to 700m Dolomitic limestone, and marly limeston
Cretaceous Upper Aptian/Albian i
( B o B tanom 100 to 400m Marl and limestone
Lower Aptian (Mdeirij Lst.) About 45m Limestone
Is_gx\(%tgr%l)an (Abeih 80 to 170m Sandstone and marlstone
Neocomian (Chouf sandstone) 10 to 300m Sandstone
Portlandian (Salima Lst.) Up to 180m Oolitic limestone and clay
. Kimmeridgian (Bikfaya Lst.) Up to 80m Dolomitic limestone
Jurassic

Oxfordian (Bhannes volcanics)

Up to 150m

Marly limestone, volcanic complex

Callovian (Kesrwan Lst.)

Over 1000m

Dolomitic limestone

Photo 2.1- Limestone in the region of Kesrouane

urcePicture takeh by/in Askanan (003)

Photo 2.2i Terra rossa (red soil)

Source: pictureetrive o)
www.wikipedia.org

Photo 2.3 - Rendzina
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Resulting from the transformatio
of rocks under the combine
influence of weather, vegetatio
cover, and slope of the terrail

Lebanese st are typically
Mediterranean.

The majority of soils are
calcareous, apart from sanc

gravelly soils formed on the
cretaceous strata. The mo
expanded soils are Terra Ros
and Rendzina.

Lebanon soils are young, fragil
and subject to erosion, especial
in the mountains and hills the
represent 73% of the countn
Topography, rain intensity an
surface runoff are major factor
increasing erosion causeg khe
precipitations, especially wher
the protective green cover he
disappeared. The erosion intensi
of Lebanon soils is proved by th
stratification of alluvial loam
terraces of the coastal rivers.



Climatology

Geographical situation (northern temperate zone, as well as Mediterranean zone) and its morphology
determine thaveather in Lebanann fact,there areawo mountain chains expaimg) perpendicularly to the
atmosyeric circulation and constitutinthe core 6 the country They are atthe origin of a climatic
variability at small distances. Hence, a 50 km cross section stlomagte variatiors: a subtropical coastal
climate succeeded by a typically Mediterranean climate at low elevations and a cold weéiigberat
elevations covered with snow during the winter, reaching a-degdrt plain, too dry to allow agriculture.
These variations favor a great diversity in ecosystems and landscapes in a limited surface area

Rafic Hariri International Airport (RHIA), Birut Golf, Zahelh (Haoush al Oumara) and Tripoli measure
stations provide the General Directorate of Civil Aviation, Climatology Service with weathdodat8

Table2.31 Temperatureyainfall and windspeed in 2008

Coastal Zones Bekaa valley
B 29e 2008 RHIA Beirut Golf Tripoli Zahleh
Mean temperature (°C) 22.4 22.7 20.4 18.6
Mm of rain 589.0 815.4 728.1 366.1
Mean relative hmidity (%) 58.6 58.3 58.6 53.3
Wind mean power (m/second) 3.3 2.7 2.8 2.9
Maximal wind speed (degrees) 236.7 242.5 265.0 237.5
Rainy days 60 64 60 56

Table made by CAS based on General Directorate of Civil Aviation, Climatology Service data (2008)

Temperature
The average annual temperature on the coast varies betwe®@ 48cb21.5°C and decreases by ar@ha
for each 500 m vertical, reachin§®at 1000 m and°C at 2000 m. January is the coldest month, with an
average daily temperature &f°C in the mountains and 7°C in coastal zones. The warmest months of the
year are July and August, where the dairgrage reaches up to 28°C in the mountains and 33°C in coastal
cities. The day and night temperature variations are soft on the ce@€)(@ut they increase in the Bekaa
valley where they can reach 24 °C in the summer.

Table2.41 Temperaturepeaks aml troughsin 2008

Temperature (°C) Coastal Zones Bekaa valley
RHIA Beirut Golf Tripoli Zahleh
Mean temperature 22.4 22.7 20.4 18.6
General average: 19.521.5
Minimum temperature 6.0 (February) 3.6 (January) 0.1 (January) -6.5 (January)
General average: January 7
Maximum temperature 37.9 (April) 39.3 (April) 36.1 (April) 42.0 (August)

General average: JulyAugust 33

Source: Table made by CAS based on General Directorate of Civil Aviation, Climatology Service data (2008)

Graph 2.17 Monthly mean temperature in 2008
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Rainfall
The average annual rainfall on the coastal zones varies between 700 and 1000 mm as@sincre
towards the NS direction.
The Mount Lebanon forms a barrier against the rain movement and the precipitations can reach more
than 1400 mm per annum (the majority of whis snow).Rainfall decreases rapidly in the eastern slope
of Mount Letanon and registers only 600 mm
Rainfall in the Bekaa valley varies between 800 mm (southern Bekaa) and 200 mm (extrereasirth
of the valley). As for the AntLebanon, rainfall is around 600 mm and increases up to rhare 1000
mm in Jabal el Cheikh.
The global amount of precipiians is estimated at 8 600 millions of (MCM) per annum, to which it
should be added the amount of snow, whicaround 2 200 MCM.
The long term meteorological observations carried out for Beirut and Central Bekaa highlight the
following characteristics:
- Lebanon has a high average in rainfall per annum (Beirut, 893 mm)
- Great seasonal variations with -80% of the annual rainfall occurring between November and
March, and less than 5% between May and September.
- Strong rain showers that caause floods and erosion.
- Precipitations occur during 80 to 90 days per year, basically between the months of October and
April.

Table2.51 Rainflall peaks and troughs in 2008

. Coastal Zones Bekaa valley
Rainfall (mm) - T
RHIA Beirut Golf Tripoli Zahleh

I etinitation 598.0 815.4 728.1 366.1

General average: 700 1 000 mm 200/'800 mm
Minimum precipitation y g g 0 gy
(JuneAugust) (JuneAugust) (JuneJduly) (JuneJduly)
Maximum precipitation 178 mm 247.2 mm 197.8 mm 102.4 mm
(January) (January) (January) (February)

Table made by CAS based on General Directorate of Civil Aviation, Climatology Service data (2008)

Graph 2.27 Monthly mm of rain in 2008
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The previous tables show that temperature and rainfall general averages are not respected especially on
coastal zones; which is a sign of climate chandesbanon.
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Relative humidity
Table 261 Realtive humidity in 2008
4 o Coastal Zones Bekaa valley
0,

g "umidty (%) RHIA Beirut Golf Tripoli Zahleh
Mean relative humidity 58.6 58.3 58.6 53.3
Minimum relative humidit L5 108 O 2

y (March-April) (March-April) (March) (August)
Maximum relative humidity o 0 -0 1
(May) (May) (February) (December)

Table made by CAS based on General Directorate of Civil Aviation, Climatology Service data (2008)
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Wind power
Table 271 Wind mean powem 2008

) Coastal Zones Bekaa valley
Wind power (m/second) . —
RHIA Beirut Golf Tripoli Zahleh
Meanwind power 3.3 2.7 2.8 2.9
. . 28.0 24.9 24.0 21.0
Maximum wind power
(January) (January) (January) (December)

Table made by CAS based on General Directorate of Civil Aviation, Climatology Service data (2008)

Graph 2.37 Monthly mean wind power in 2008
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Wind direction
Table 2817 Maximum wind directionin 2008

g 4. Coastal Zones Bekaa valley
Wind direction (°) : —
RHIA Beirut Golf Tripoli Zahleh
Average maximunwind direction 236.7 242.5 265.0 237.5
) _ - 330.0 340.0 340.0 320.0
Maximum wind direction g
(November) (November) (NovemberDecembey (April)

Source: Table made by CAS based on General Directorate of Civil Aviation, Climatology Service data (2008)

Rainy days in 2008
Table 291 Rainy days in2008

g Coastal Zones Bekaa valley
Rainy days - —
RHIA Beirut Golf Tripoli Zahleh
Number 60 64 56 64
w 0 0 0 0
Minimum number
(JuneAugust) (JuneAugust) (JuneAugust) (JuneJduly)
_ 13 12 12 13
Maximum number
(January) (January) (December) (December)

Table made by CAS based on General Directorate of Civil Aviation, Climatology Service data (2008)
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Hydrology

Lebanonenjoys a geographic location and a topography on the seafront exposing it to humid and rainy air
masses. It is also ha®) perennial and/or seasonal rivers and water courses, originating from the Mount
Lebanon mountain range. Generally, these are shertsrivith an EastVest lateral orientation spilling into

the Mediterranean, except for tio transborder rivers which aithe Orontes River (Nahr el Aassi)
crossing towards Syria aride Hasbani Rivecrossing towardBalestine.

The rivers and water bias are crucial forthe Lebanese ecosystand vital for irrigatinglow and middle

elevation areas of Mount Lebanon, as well as in the Bekaa valley. Besides, rivers enhance the flora and fauna
of the country, particularly in deep valleys where local climate is softer.

Table 2.10i Lebanese river
system

North-Lebanon

Nahr etKebir Nahr Estouane

Nahr Aarga Nahr el Bared

Nahr Abou Ali Nahr el Jaouz

Mount-Lebanon

Nahr Ibrahim Nahr el Kalb

JOUNIEHS s

Nahr Damour e Pl

Beirut BEIRUT ZAHLI
r",;,.b
Nahr Beirut |‘z\’\

South-Lebanon .

| [

Nahr Sainiq Nahr Awali

Nahr Abou Asswad Nahr el Zahrani

Nahr el Hasbani

South-Lebanoni Bekaa

& Majorlity

A A Major River
' River Basin Boundary

A International Border

0 Kilometers

Table 2.111 Hydrological cycle of Lebanon

Designation Flow (MCM/year)
Total annual precipitation 8,600
Natural evapédranspiration 4,500
Loss in surface waters to neighboring countries 648
Loss in underground water to neighboring countries 300
Submarine sources 385
Total renewable water in Lebanon 2,767
Surface water 2,200
Ground water 567

Source: Comair, F. (2005), Lebanon water between loss and investment, Beirut, First Edition, Dakkash printing Est., p. 36
andComair F. (2008)GESTION INTEGREE DES RESSOURCES ERWEAU LIBAN, EFFICIENCE
DOUTI LI SATI ONR EDEN | LOONE ADLD EPNBEEERPIaS Blely Novembre 2008
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Water sector in Lebanon

Water sector reform began 1999to
implement the Integrated Water
Resources Management which hi Water Subscriptions in 2008
four standard pillars: decentralizatiol

of water service; pricing incentive

PublicPrivate Partnership in wate

management; and finally, introducini

an independent regulatas much as

possible x ®
Concretéy, the Ministry of Energy ,;‘/ . BNoahlebancn iy
and Watersketched a 10 yearnslan F : — o

aiming to build30 dams and hill lakes
to increase available watgquantity.
Laws 221/2000, 241/2000 an
337/2001 reduced the numbers of tl
22 Autonomous Water Boardmdthe
210 WaterCommittees into 4Water
Authorities (Beirut and Mount
Lebanon, NortH.ebanon, South Beirut

Lebanon and Bekaain chargeof the Exer] L i
production and distribution  of g "’,%
drinking water and irrigation water ek =

each inits geographic parameter

To improve the sectoperformancea
specialized regulatonsascreatedthe
Board of Performance Evaluation
under the guardianship of the
Ministriesof Energy and Water.

The Office National du Litani createc
by the law published on 14/08/195
manages and exploits irrigation wate
in its geogaphic parameter (Soutt T — I osteen 50 anc s5%
Bekaa and Southebanon). St e At b Mete | [ vore than sov

Bekaa

- |Number of Subscriptions in 2008
®  Les: ther 50,000

. Ectween 100 000 and 160,000

‘ Mar= than 400,000

Percentage of inhabitants
connected to the network

| No Informaticn

L ess Than £D%

Table 2.121 Consolidated table of water statistics in Lebanom 2008

: Beirut and North- South- Total /

=1 uthority Mount-Lebanon Lebanon Beid Lebanon Average
Water Sourcesnumber

Rivers andsprings 22 64 14 35 135

Wells 150 128 121 269 668

Exploited numbebf wells by Authority 138 98 106 238 580

Wastewater

Executed wastewater treatment plans 8 1 1 23 33
Tap water subscriptions

Subscriptions in 2008 483,210 100,545 65,449 130,276 779,840

New subscription in 2008 5,397 1,866 635 2,947 10,845

Installed counters 6,080 30,000 0 18,669 54,749

Number of installed gauges 477,040 70,545 0 11,607 559,192

Volume of charged water (cubineters/day) 595,160 87,453 71,673 138,036 893,592

Tap water daily consumption
Subscribers 483,120 100,545 67,000 130,276 780,941
Water liters/inhabitant/day 185.53 186.82 127.0 175.0 674.0
Human resources
Employees and wagers 1,240 195 266 681 2,382

Table made by CAS basedWhater Authoritieslata (2008
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Beirut and Mour_ebanon Authority is the biggest. It recrui2.1% of total Water Authorities employees

and wagers, has 61.9% of subscribers, 62.0% of 2008 subscriptions, 49.8% of 2008 new subscriptions, 85.39
of installed gauges and 66.6% of thé&al volume of charged water in cubic meters/day.

As for rivers and springs, Nortbebanon Water Authority is the richest one with 47.1% of the total; While,

wells are more common in Soutlebanon Water Authority (40.3%)n fact, the Mohaézat of South

Lebanon and Nabatiyeh is very rich in groundwakars WaterAuthority exploits the maximumumber of

water sources (41.0%) and has the maximum number of executed wastewater treatment plants (69.7%).
Finally, North-Lebanon has the biggest numlmd installed counters (54.8%) and its subscribers have the
highest tap water consumption (186.82 liters/inhabitant/day).

Water Subscriptions in 2008

North Lebanon

Bekaa

.
Coniril
Adinistintion S
Jir Staisties ==

Number of Subscriptions in 2008
L] Less than 50,000

. Between 100.000 and 150.000

. More than 400,000

Percentage of inhabitants
connected to the network

[ ] Mo Information
[ ] Lessthan 50%

I Bstween 50 and 95%

I 1vore than 95%

Southifebanon

50.000
Meters

Source.- Ministry of Water and Energy.
Map prosuced by CAS

Just for information

Internal Renewable water resources
= Precipitationi evapetranspiration
= 4,100 MCM/year

Dependency ratio = 0% because Lebanon does nq
have inflows of water from neighboring countries

National water wealth

= Precipitationi Evapetranspirationi river inflows
Inhabitants

1,091 CM/inhabitant/year

Knowing that water stress threshold is equal to 1,70
CM/inhabitant/year

Millennium Development GoaV: Ensure
environmental sustainability

Target 7.C: Halve, by 2015, the proportion of peopld
without sustainable access to safe drinking water an

basic sanitation

7.8 Proportion of population using an improved
drinking water source
7.9 Proportion of population using an improved
sanitation facility

Tap Water Consumption and Total Leakages
in 2008

North Lebanon

186.82 lid/inh.

Bekaa

185.53 l/d/inh.

Tap water daily consumption
in liter / day / inhabitant

186.82 lid/inh.

Percent of total leakage

|:| No Data
|:| Lessthan 1%
I Vore than 99 %

Source.- Minist
Iap prox uced

50.000

Msaters.

ry of Water and Energy.
v

Total leakage in 2008

26,027,011 m3/day




Vegetation zones of Lebanon

Vegetation zones display vegetation cover and protected vegetal areas.

Vegetationcover

Climate influence the vegetation cover in Lebanon. There are four major phytological (botanical) stages or

levels, between the coastline, the mountain then the hinterland:

- ThermoeMediterranean leveht an altitude of €1,000 m:pines (Beirut as welhs the western slope of
Mount-Lebanon), carob trees, storax, oak trees, willows (the slopes of Niha and Baruk mountains, as
well as coastal zones, and the piedmonts of Mount Hermon in the hinterland).

- SupraMediterranean levedt an altitude of 1,000,500 m cypress, oak trees (Ehden, Sir@dniyeh,
highlands of Qadisha, piedmonts of mount Mekmel and Aakkar).

- Mediterranean mountainous leva an altitude ofl,500-2,000 m: cedars, fir trees (Bsharreh, Ehden,
Qadisha, Hadath giebbeh, Tannourine, Baruk)

- Oro-Mediterranean levedt an altitude of 2,000 m and beyomd: fruit trees, only thorn plants such as
juniper (Talaat Moussa on the high altitudes of Ambanon, etc.).

Graph 2.471 Distribution of forest species in %
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