Brabian Journal of Geoscdiences RO21) 1410
roteps:d [ Ao org VOA0RT ISV251T-020-06295-6

ORIGWNAL PAPER ®

Chneck for
updates

\nfluence of snow cover on water capadity in the Qaraacun Reservoi,
Lebhanon

Amin Shaban' « Laurent Drapeau” - Luciano Telesca® + Nabil Amadna® « A Ghandour®

Received. | Wiy 2020 | Accepied: 25 Novernber 2020 | Pulbhished online:. & Yanuary 2001
) Saudh Sodiety for Geostiences 2021

Postract
Rampie. Considerable amount of surface water mn Lebanon is stored bdhind dams, and the Qaraaoun Reservoir (QR) s atypieal €
iy . The 1S the largest surface waker body in Lebanon where 1t rnigates 27,500 ha and generaies 22% of Lebanon's electt
2 both are yeservow 1s fed divectly from the Litam River which receives water from several springs and from groundwalier wher
s and the replenighed mainly from snowmelt. Flowever, the relationship between snow cover area on the surtounding mownke
/2T ATRA AS A waler volume m fhe teservoir has not been investigated. This study amms at defermiming the mfluence of snow con
culated using water feeding source and the volume of waker n the QR The relationship between fhese two vanaoies was cal
nd fhe n st satellite imnages (MODIS-Terra with 500 m spatial resolution) which enzble reisving measures each ¥ days,
£ Waler vohume measuing msnments fned nthe QR The nvestigated period was berween 2001 and 2012, Results show that th
e average tme m the QR is substantially controtied by the snow cover area on the surroundimg mowniaims. 1was fownd that
s 2bout D months, penod berween SHoW accumuiaions on fhese mouniaims and the remarkable Increase n waker level mn the QR
were calcuiaied. n while the dynamic changes in snow cover (accumuiation/meliing) and the induced water level in the reservoir
cover, which ewher \ AANoN snow-water equivalent (SWE) was also defermined. This stady reveals the sigmiicance of snow
er volurme of the QR directly feeds the streams ot ndirectly teplemshes the groundwalier aguifers whete both contribuie in the wat
rventions which have Therefore, the carchment MONNAIMONS area Where snow accunmuiaies should be protected from maman nis
QR. een lately ncreased and wnpacied the hydrologic regime between snow cover and waker volume n the
Yeywords Snowpack - Melting rale - Groundwater - Anificial lake - Bavivonmental roeasures
nade 10 1ap Waley Tesourees \ntroduction several InVestment Projects are 1
tiage sl exisis and Wis not m Lebanon, however, waler s
aler vesources w1 dbanon are N ater sector I L dbanon 18 winessing unstable conditions and. @Xaggeraion 1 say that al w
e supplyldemand is 1otally wobalanced. This 1s reflected on under depletion.

Soanon ranges between 700 and {he volume of water per capita which is contimuously decreas- The precipitation vate wm \
winle there are L4 rivers and more wg. This status has been exacerbated due 1© the vecenmly 1500 o (ORI, 2005y,
e than 23 Vs (Shalvan 20720y, The exizied physical and man-made challenges. In this tegpect,  than 2000 sprimes with
stimated at 1330 o lyear, whereas avalability per capita s «
1220 W' [capitalyear (Shaban 201 Y. Responsivie Editor: Broder ). Merkel water demand is less tha
% Tnat Lebanon 1s considered a country Therefore, wis a parado
s regard, Poor management of walker T2 Armin Shaban under waker sess. in
AN Teason, especially that Lebanon geoamin@ gl com TRIourCes 18 sl the
us surface water resourees (2.g., Tivers, Possesses remendo
\ a3 many agmferous rock formatons with Y Nadonal Coundil for Scientific Research, Beinat, Lebanon snow, lakes) as wel
e of water. Yet, many aspects of humen  CESBIO, Universié de Tovlouss, ONESIONRSINRAERDIURS,  considerable voly
el Walker regime (£.¢,, Over parmping, potie- Toulouse, France, Tovlouse, Franee nerventions atis
oMY, t\\efﬁ‘bj altermg the conditions for waker * Consighio Nazionale delle Ricerche, sito & Metodologie pes o, deforestan
(SNC 78011, The exacerbaton of these activi- T Analisi Ambientele, Potenza, laly replenshment
sence of walker conservanon contols and \aws A Hes m the ab
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resuited n the wibalanced suppiy/demand and supply short-
age, and then waler cnsis occured.
Surface water n Lebanon significantly controls the rate of
waler supply and per capia, and several sources of surface
waker are exploted whether on small- or large-scale projects.
In parficular, wakr harvesting becomes an atermaive method
10 reduce waker shoriage, nobly n the view of dhanging -
: Tnate wapact (Jomaa and Shalvan 741 2). Thus, water harvestng
- m Ldbanon has been adopied ither on mdividual or on national

7044 Shaban et al. 7044 Shaban 7070), | was found that
groundwater 1s seeping from the surrounding mountaims, and
then 1 feeds the springs at the foot slopes where these springs
are (e primary source providing water 10 the Litan River,
whereas these springs are mamly fed from snow. This m
motivated appiying s research © mvestgaie the tole of
SNOW 28 A MAOL source of water n the reglon.
Therefore, the study aims at Wentifying e relationship
petween the snow cover area, on the catchment of the mour

e levels, On he mdividual level, 11s represenied by the consimie-  tainous region sarrounded the QR and the waker level n §
n " fion of mountain akes (capacity of less than 1000 o’ onaver-  reservolr, where the latter is a function of water volume
@ An 2AgL) 10 p waker from melting snow n the mouniinous regions pariicalar, the contribation of snowmelt to the water Vol
SDOW (Shaloan 7878), while for waler harvesting on the national level,  the QR willbe calculated 1o deduce the lag e between
of the there are 3 number of large-scale projects, and these are Tepre-  accumulation and the merease n the water \evel
sented mamiy by he construction of dams, such as Qaraaown,  TeSeIVoL.

Limchad- Shabrouh, Janneh, and Beka' ata Dams. The stroctare of this paper implies ntroduciory pal

of waker The reservoir of the Qaraaoun Dam has been established in - g deseripiion of the study area and mechamsm
Wi inchad- 1937, and the created teservois behnd this dam became the  replemshment m the QR Then, used tools were sho

L TNRASUTING

e process-
sparation, and
nsequently, ve-

C replemshment,
L and finally the

ed measuning wols

es (12, sareiiiie wo-

T he SNOW COver area,
were used 1o measare
e teservow. Therelore,
anpulated by applyng
on.

cied 1 alow-dand terram (1.e.,
rder 10 resmict surface waker
fissipated tributaries of the
ates m s depression, which

e mddie part of the Lebanese term-

WO mouniain dhams (he so-called
-Lebanon), and more speaifically n
18 2 depression with an average widin

). These mountam chains are composed
iy where catbonaie todks are the mayor

=4 near Qaraacun vilage, and specifically
Wing geographic coordinaies.

O3 SI™N and 3AN I6'E,3FPALLEGE

\argest surface waker body n Lebanon. W is also considered
he most sueeessiul waler management project n the country
(Shalbban 2878, This project has been execuizd sinee motre
than 60 years ago n order 10 urigate large agricultural Yands
and 10 generate electnciy from the estabiished hydro-power
stations. Hence, the Qaraaoun Reservowr (QRY)1s fed eher by
divect wflow of the Litami River ot from the snowmelt along

ing mamly saieiive wnages and the msturmnents 1o
water level, whereas the methodology discusses
g of satellie wnages and the relevant data i
hen e statistcal correlation approaches. Co
sults ghowed the caleulated tine Yag ot wake
dynamie trends, and snow/waker equivalen
conchusion and discussion were Wastrated.
TFor this purpose, a rmsceliany of advan
have been vsed nchading space wohnioy
ages of B-day remeve interval) 1o monie
while tecords from waker level sensors
e changing surface water level 1)
e oblained Measuremens Were
statistical methods for data correlat

streams plus from the replemshment from groundwater water
whidh 1s 2lzo fod from snow.
There are several stadies done on the QR and all these
stadies focused specifically on the ensis of waker poliuhion
which became laiely a national proviem (e.g., EA-Goul 7004,
Aszal and Saadeh 200%;, Korfali and hardi 2844, Abou-
Tamdan et al. 2814, Amacha et al. 2615, Nehme and Radar
2017, while fhe volumeine estimates were not determined w
these studies. Likewise, the hydrologie tegime, grouwndwater
cdharactensices, and fhe feeding mechamsm 1o the QR have not
230 been determined. In addition, only the directinflow from The Qaraaoun Dam was consi
he primary course of the Litam River o the QR s caloulat-  depression topography) m o
ed, while the volume of waler that seeps mio the QR from that tuns along several
groundwaier was not calculaied. Litam River and acoun)
There 1s always a debaie whether the QR 18 fed from the  later on formed the QR.
primary course of the Litany River or there are ofher sources The QR 1s located wn th
that contribute m the water volume of the teservoir. In this oty between the major
tegard, some Tesearchers consider that the Litami River con-  Mont-Lebanon and Any
butes with the total water volume n the QR where fhe divect  the Bekaa Plain, which
hlow 13 the only hydrologic process (Ramadan et al. 2013, of about R m (Fig, v
Tassif et al, 2814y, while others belhieve thal springs ate the  of tugged twpograpy

The study area

only sources feeding the viver then the QR (ADRC 2017, vodk Wwhology.
Baydoun et al. ZH15). Besides, e concem s given 1o The OR 13 \oca
groundwater as a source for the QR (Memi et al. 24047, bebtween the follo

Darwich et al. 28414,
In his respect, the authors apphied a number of studies
ased on Hield surveys, and mvestigated the existing rock for-
mations (Shaban 7003 Shaban et al. 2013 Telesca et al.
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Fig.\ Locaton maps of the
Qaraaoun Reservoir and s
catchment
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The majority of cimatie and hWydrologic measurements of  1eservolr is ofien changing, a
e QR, similarly 1o the middles part of the Bekaa Plam, 1y meleorological varatiion an
Mostrated n Taole 4. 1ons. Thos, he area of the
The Qaraacun Dam is 62 mhigh, 1090 mlong, and 162w ©andd e (Shadoan and |
wide (Fadel et al. 2847, while the QR s sioated ot the dle- The discharge (Le., con
valion of doout B30 m above sea level, where the maximmum QR 15 man-made regul
dep is 60 m (LRA 2020y, The swrface level of waler mhe nflow in the resemvo

Tole 1 Average monnly climnatic and hydiologice data {or the QR atea

Jan. Vb, March A May Jume Yuly

Precipitanion () %2 158 95 &0 4 0 0
Temperamre CCY 03 3R 1653 93 PAY:Y 24 PR
Discharge (v [s) 02 \16 547 169 93 64 AS
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nflow ranges between 2.5 m' s (minimum) and 547 w' /s
(maxinmum), and averagmg dooat 1\ s CRBMSE
201Y). Therefore, the estimalied total mflow 13 about 363
milhon ' lyear. In this respect, the main flow n e
ULAB 18 from major springs (e.g., Ghzayel-Anjar,
Chamsine, Berdaount, Kiray 7at) wihich are located mam-
1y at the foot slope of the surrounding mountains. The
average estimated discharge from these springs is abou
270 mithon ' [year (Fig. 7).

Thus, the average annual discharge ranges between 360 and
AR0 miliion ', and then averaging about 420 milion w'|
year, while the average capacity of water in the reservow is
estimated 2t 220 milhion w (URA 2606,
1n addition 1o imgation, stored water n the QR 1s also used
for hydro-power generation. Hlence, water from the teservow
13 conveyed o downsueam regions along the Litami River
Toodplain and s surrounding where cultivated \ands are
domimant, and therelore, canals (Le., several kKilometers \ong)

e were constructed 1o convey water and 1o wrigate about 3. Melting water from snow which 1s accumulaied on §
Ast " 27,500 ha. MNeveriheless, waker n the reservoir has become surrounding moumain chams and exiending 1o the «
nde ol pothaied due 0 wncontrolied durmping of solvd and o and west of the Bekaa Plam, where the average alu
nANS wid waskes mthe Litam River, and this creaied a natonal geo- of these mouniam chaimns 13 1300 m. Thus, snow ey
NAMS. environmental proviem nstead of becoming a successhal na- for couple of months (Le., 3-) months) on these «
W Nonal project. Tence, water from snowmelt wniformly pereol
e cax- The flow of water from the veservowr 18 connected wWith ne substratom, and then it feeds groundwater W
HOone). Markaba and Al-Awal hydro-power stations. These wo onate rocks (Le., imestone and dolomine \ime
phants generate elecineal energy of dbout 500 MW, which s
equivalent 10 22% of Lebanon's eleciricity demand (Shaban
and Hamze 2Ry,
The QR can be considered the juncion between the Upper
Litami Sub-basin (ULSB) and the Lower Litami Sub-basin  Niakerials and methods
(LLSB) where these two sub-basms have different hydrolog-
ols inchude space ical dharacienstic, and they are characterized by diverse geo-  The majority of research methodology and te
< were prepared logical and hydrogeological seting as well as different waler  fechmigpes and M sty measurements, Wi
aches of analysis. How mechamsms. and nvestigated using different appro:
| componems of this The cachment area (surface water basin) of the ULSHB,  Tigore 3 dhows the Nowchart for the mais
winch represents the cardhment area of the QR ocoupies an tesearch.
area of dbout 1826 ko' . This s equivalent o \75% of the
Lebanow s surface area (Fig, v). Matedials

S Herween Snow cover
ables should be primanty

NS SNOW cover area which is
g the teservoir afler snow

© TRSRTVON, 28 an evidence of
TWO fypes of measurng wols
WO vanables. These are.

wlate fhe SHow cover area within

Wed the RQ. The avallable wnages

etween 2001 and 201, For this pur-

lerate Resolution lmaging

et products named MODIS-Terra

e used. 1 with MODAS Termra, views

, surface every day, acquinng data n 36

ot growps of wavelengihs (0.4 10 VA4S wm)
solntions of 230 m (oands -2y, 300 m
and 1000 m (bands ¥3-36). These data -
derstanding of global dynarmies and process-
3 on land and oceans. The swath width (scene
MODIS images 1s 2030 km % 1354 km
NS ).

1n order 1o elaborate for the relaton
and waker level n the QR two va
caloulaied. These are as follows: ©
2 Tunction of groundwater emes
melts, and the water level n th
waker volome. In this respect.
were uged 10 calonlate these

Water replenishiment in the QR

The feeding mechamsm of waker m the QR 1s conwolled mam-
1y by the hydrological and hydrogeological elements, thus,
water rons directly from the Litami River and #s wibutanes
10 the teservoir, of mdivectly throngh growndwater seeps from
he surrounding, mountams. 1t s, therelore, fed from several
sourees with different feeding medhamsms (Fig. 7). These are
28 follows: 1o Saieliiie imnages 1o cals

e CAThiment Surrony

1. Direct precipiiation on the resemvoir surface (average awea were for the period o
of ® k'), where the average precipialion rake is abouk pose, the Mol
710 mmlyear as calculated from TRMM ( Abdulrazzag Spectroradiomet
etal. 2019, and thus, the teservoir teceives a total precip- MODABAYY we
Wated water volume of about 3.68 million w' [year. e entive Fank's
DBesdes, waker volume estimated at about 4 mthon | speciral hands,
year, 1 relurmed 10 the atmosphere as divect evaporation with spanal 1
from the surface of the reservow (CNRS-L 2043, Qoands 3-1Y,
2. Inflow from the primary watercourse of the Litam River prove he ur
of the ULSB, where the contact point of this wilow is S oTeurTin

\ocated n the norhern part of the teservoir (340 m alttude size) ol
and coordinates: 33° 33 25" M and 33 4V 46" E). The (rows/eo!

Q_ Springer



hralo Y Geosa ROV 140 Pagesoiv2z \Q

Tig.2 Scheme for the water eydle Snowmelt
of the Qaraacun Reservow
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e \evel The selecton of MODIS Tema images 1s adrbuted o the montor monthly and even daily (when surface we
avalaolity of these mages on daily basis, and s W exeerds 837 m) reservolr surface level changes

enables appiying detalled montorng approaches for snow

cover over short time penods. In addiion, snowpack can eas-
Wy be coserved on MODIS-Terma nages, whereas snow can
e diseriminated from clouds when fhe \ater exist. Nethods
2. Measurements, from mstroments for calenlating water Satellite images processing
\evel n the reservoir, were used o estimaie walker capac-

L MODIS saneline Wy. These mstroments are mstalied by the Litam River  Added 1 fheir avalability, the selection o
Rk Hit with the put- Anthority (LRA) which is under the mandate of the  images nphies a number of advantages W
A resoluion (300 ) Minigiry of Power and Water. These nchude waker-level  pose of he study . Tiis inchudes the spatiz
yread over the caich- sensors mamafactured by Rittmeyer Brugg (Fig. 4). In which fits recogmizing the snowpack s
on for Image teneval addivion, data from cbservation wells Tor montoring the  ment of the QR In addiion, the duray

Tluctuation of the water surface were also uilized.
Viorating wire piezometers (VW) with data logger and
software are alzo wilized, and they were nstalied w

Research Methodology

¥\7 - Python scipy-
Satelie nages processing
Processing,

», Data Pre-processing

Nibrating wire
PITTOMRIRAS
(NWPy

M

Correlation
Analysis

- { Confidence curves.

Time \ag /‘

Snowlwaker equivalent

vel sensot fixed n the Qaraacun Reservow Fig.3 Main components of the apphied research Tig. & Waker le
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