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Abstract. In the practice, the precipitations records are linked to the problem of missing data caused by fault in the rain 

gaging station. In hydrology, estimating missing precipitation data is a crucial task due to the spatiotemporal variability of 

precipitations, also the complexity of physical processes involved.  

We have done a comparative study between missing precipitations data estimation methods as next: classical 

methods: Inverse distance weighting method (IDWM) ,Correlation Coefficient Weighting Method (CCWM), principal 

component analysis (PCAM) ; Method based on genetic algorithms :  fixed functional set genetic algorithm method 

(FFSGAM), as a target to judge, which methods are better to assess missing precipitation data. The application of these 

methods has been done using data of five rain gaging stations situated in the Macta watershed. We have tested the methods 

using the most recommended criterions of comparison. With the end we have noted that all the methods used, gave good 

results of estimate. And all FFSGAM models gave results more powerful than all the other methods. 

 Keywords: Missing precipitation data, Genetic algorithms, Correlation, Weighing methods, PCA.    

1. Introduction   

Estimating missing precipitation data is generally achieved by traditional weighting and data driven 
methods(Smith, 1993), distance based weighting methods (Simanton andOsborn, 1980; Wei and McGuinness, 
1973), nonlinear deterministic and stochastic interpolation methods (e.g., kriging), and regression and time series 
analysis methods (Salas, 1993). Inverse distance weighting method (IDWM) is most commonly used method for 
estimating missing data in the fields of hydrology and geographical sciences. More recently, empirical models 
derived using evolutionary and biological principles, namely, genetic algorithms (GAs), artificial neural 
networks (ANNs), and genetic programming (GP) have found numerous applications in the development and 
application of inductive models. A new evolutionary method based on GAs referred to as a fixed functional set 
genetic algorithm method (FFSGAM) was developed for functional approximation of response functions from a 
given data set (Teegavarapu et al., 2009). 
The present study aims to compare different missing precipitations data estimation methods. The application of 
these methods has been done using data of five rain gaging stations situated in the Macta watershed in Algeria. 
The techniques employed in this study include classical methods: Inverse distance weighting method (IDWM) 
,Correlation Coefficient Weighting Method (CCWM), principal component analysis (PCAM) ; Method based on 
genetic algorithms :  fixed functional set genetic algorithm method (FFSGAM).The standard statistical 
performance measures are employed to evaluate methods performance. 

2.  Materials and Methods 

2.1       FFSGAM for estimating missing precipitation data 
 
The optimal functional form for estimating missing precipitation data using the model inputs (i.e., distance and 
correlation coefficient) and the fitness function based on the mean squared error (MSE) as a performance 
measure is optimized in FFSGAM (Teegavarapu et al., 2009). Four  optimal function forms obtained using the 
FFSGAM provided in Eqs. 1 to 4 (Table1).  
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                          Table1. FFSGAM models  
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2.2      Inverse distance (reciprocal-distance) weighting method 
  
(IDWM) (Wei and McGuinness, 1973) is most commonly used for estimating missing data. This weighting 
distance method for estimating missing value of an observation, P୫ , using the observed values at other stations 
is given by 

    P୫ =
∑ P୧d୫୧

ି୩୬
୧ୀଵ

∑ d୫୧
ି୩୬

୧ୀଵ

 

where P୫  is the observation at the base station m; n is the number of stations; P୧  is the observation at station i, 
dmi is the distance from the location of station i to station m. 

2.3      Coefficient of correlation weighting method (CCWM) 

  
In CCWM, the weighting factors are replaced by the correlation coefficients and the estimation method is given 
by 

P୫ =
∑ P୧

୬
୧ୀଵ R୫୧

∑ R୫୧
୬
୧ୀଵ

 

 
where Rmi is coefficient of correlation  obtained by using the data at station m and any other station i.  

2.3     Pprincipal component analysis method  

The PCAM proposed by Laborede 2002, using Hydrolab software was used in this study.  
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2.4     Used data  

All methods are used to estimate missing rainfall data at a base station (i.e. Sifisef). Data at the base station are 
assumed to be missing for the purpose of testing these estimation methods. Historical monthly rainfall data of 25 
years available at 5 rainfall gauging stations (see fig.1) in the Macta watershed in Algeria, are used for analysis, 
approximately 70% of the historical data (204 months) are used for model training and 30% of data (96 months) 
are used for validation.  

 
Fig.1. Location of the Precipitation Stations 

3.       Results  

The performance of the methods are compared using widely recognized and commonly used error measures, root 
mean squared error (RMSE), mean absolute error (MAE), coefficient of determination (R2), based on actual and 
estimated rainfall values at the base station. All estimating results are presented in table 2. 

              Table2. Estimating results 

  CCWM IDWM ACP FFSGAM6 FFSGAM7 FFSGAM8 FFSGAM9 

RMSE 11.43 13.14 17.37 9.83 9.83 9.83 9.83 

MAE 8.07 8.34 10.75 6.60 6.60 6.60 6.60 

R2 0,86 0,79 0,86 0,89 0,89 0,89 0,89 
 
 
 
 

 

 

 

 
 

 
 

Fig.2. Scatter plot for all used methods 
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4. Discussion 

 
The figure 1 shows that for CCWM  methods  the points are closer to the trend line more than the PCAM and  
IDWM, , also from table 1 the CCWM gives best estimating results with  RMSE and MAE equal respectively 
11.43 mm, 8.07 mm and R2 equal 0.86. So for the classical methods CCWM gives the best results.   

For the FFSGAM methods  the points are closer to the trend line more than the CCWM, and from table table1 
All FFSGAM  gives the same estimating results with RMSE and MAE equal respectively 9.83 mm, 6.60 mm 
and R2 equal 0.89.So FFSGAM is more powerful than the classical methods.  

5. Conclusions  

Precipitation is often the most important input data in hydrological models, however, in the practice 

precipitation is always related to the problem of missing values. To overcome this problem we must investigate 

all methods used in estimating missing precipitation data in order to chose the best method. In this paper we have 

done a comparative study between missing  precipitations data estimation methods.  

The application of these methods has been done using monthly data of five rain gaging stations situated 

in the Macta watershed. We have tested the methods using the most recommended criterions of comparison. 

With the end we have noted that all the methods used, gave good results of estimate. Based on the obtained 

results it can be concluded that All used methods gave good estimation results. The  FFSGAM method 

performed better than the other methods ,this may be justified by the fact that these methods use as a weighting 

factor the distance and the correlation coefficient not just a single parameter like the distance for IDWM or the 

correlation coefficient for the CCWM. 
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evaluating effects of climate changes on soil and water 

management 
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Using the halphen’s system distributions in frequency analysis 
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quality of the wastewaters of souk-ahras city rejected 

in medjerdawadi (north-east Algeria). 
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Assessment of groundwater pollution in the 
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15H30-

15H45 

T04_27 Nacéra Zabat 

The removal of heavy metal effluent from wastewater 

by nanoparticles based on polyoxometalates 

 

15H45-

16H00 

T09_05 

Djihed Rezagui, Mustapha Daddi 
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Study of the characteristics and spatial variability of 
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mapping: a case study of medjerda river subwatershed 
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Session president :                                                                                                        Assessor :  

ID AUTHOR NAME TITLE TIME 
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M. Amirouche, D.Smadhiand 

L.Zella  
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Comparative study of pan evaporation and different 
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Geochemical study of the waters of the groundwater of Sfax 

T04_07 
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Physicochemical parameters of groundwater resources from 

biskra area (southeastern algeria) 

T04_10 
Fatima Naili and 
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Evaluation of the effect of the lettuce variety on the 
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Yassine,   
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in the mediterranean environment; case of the irrigated 
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T08_10 Fareh Fouzia, -Alkama Djamel 
The transition from rare water to abundant water, an 
exogenous factor impacting the oasis balance in the lower 
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Algerian Sahara 
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Sofiane Saggaï, Oum Elkheir 

Bachi, Djamel Boutoutaou 

Determination of water plans evaporation in Algerian arid 

zone : difficulties and proposed solutions   
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Ibrahim Recioui, Mustapha Daddi 
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Spatio-temporal variation of groundwater salinity in the 
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Semmoud Rahmouna, Didi 
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A coacervate extraction study of a cationic dye using an 
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Thursday, November 14, 2019 

ORAL PRESENTATIONS  

Session 1:08H30-10H30 

SALLE 1: Thèmes: 3, 8&10 

Session president :                                                                                                        Assessor :  

ID AUTHORS TITLE TIME 

T03_12 

Mohamed Amireche , Tarek 

Merabtene and Abdelmalek 

Bermad 

Rainfall-runoff modeling by tank model using adaptive 

extended kalman filter applied to semi-arid Algerian 

watersheds 

08H30-

08H45 

T03_17 
Tahar Ikni , Ali Berreksi, 

Mohamed Belhocine 

Robust schemes for the study of unsteady free-surface 

flows 

08H45-

09H00 

T03_18 
Berghout Ali,  MOKHTARI El-

Hadj 

Estimation of the curve-number CN parameter for the 

SCS curve number production function in rain-flow 

modeling using NDVI watershed case Chemora 
Waterchead  Algeria 

09H00-

09H15 

T03-19 

Taye bBoulmaiz, Kacem Gairaa, 

Mawloud Guemoui, Hamouda 

Boutaghane 

Streamflow forecasting using Gaussian process 

regression methodology 

09H15-

09H30 

T08_14 

Ali Taleb Bahmed,Youcef 

Hakimi, Philip Orban , Serge 

Brouyère, Souad Bouzid-Lagha 

A multiscale groundwater flow modelling for 

assessment of the effect of managed aquifer recharge 

from an infiltration basin in the Mzab valley – North 

Africa 

09H30-

09H45 

T10_12 

Seif  El-Islam Benabboud, 

Sofiane Boukhariand Dounia 

Mrad 

Application of the "polluter pays" principle to 

minimize Mth cases: the case of the city of Souk-Ahras 

09H45-

10H00 
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SALLE 2: Thèmes: 4  

Session president :                                                                                                        Assessor :  

ID Authors Title Time 

T04_28 
Nasma Bouchelkia, Lotfi Mouni, 

Hayet Belkacemi 

Preparation of an activated carbon from jujube stone 

and its efficient application for removal of cadmium 

from aqueous solution. 

08H30-

08H45 

T04_30 
Ounoki Samira, Lahiouel Salih, 

Achour Samia 

Effectiveness of powdered activated carbon for the 

retention of an antidiabetic (metformin) in an aqueous 

solutions. 

08H45-

09H00 

T04_31 
Radia Hafsi, Hamouda 

Boutaghane 

Urban river water quality assessment using self-

organizing map (WadiBoudjemaa- Eastern Algeria) 

09H00-

09H15 

T04_32 
Sarah Goudjil, Saadia Guergazi, 

Samia Achour 

Influence of polymer and activated carbon on the 

elimination of Congo red by coagulation-flocculation 

09H15-

09H30 

T04_42 
Houria Ghodbane, Nawel Nadji 

And Oualid.Hamdaoui 

Use of marine biosorbent for the removal of brilliant 

green dye from aqueous solution 

09H30-

09H45 

SALLE 3: Thèmes: 7 

Session president :                                                                                                        Assessor :  

ID AUTHORS TITLE TIME 

T07_01 

Abderzak Moussouni, Aziz 

Maaliou, Liatim Mouzai And 

Malek Bouhadef 

Laboratory experiments: effect of shear stress on 

sediments concentration 

08H30-

08H45 

T07_04 Faregh Wail, Siad Rafik 
Determination of the optimal stable cross-section in 

BoulhiletWadi 

08H45-

09H00 

T07_06 
Dounia Mrad , Azedine Mansour , 
Sabri Dairi, Sofiane Boukhari 

And Yassine Djebbar 

Application of swat model to estimate  the sediment 
yield: case of northeastern watershed in Algeria 

09H00-
09H15 

T07_08 

Abdeldjalil Belkendil, 

Mohammed Habi , Boutkhil 

Morsli, Abdeldghani Bakhira 

Characterization of erosion phenomena in arid zones 

using multi –criteria analysis (MCE) and analytical 

hierarchy process (AHP)- a case study of upper Guir 

watershed , South –West of Algeria   

09H15-

09H30 

T07_09 
Brahimi Samiha ,Meddi 

Mohammed ,HallouzFaiza 

Solid transport and siltation of the dam:stady and 

analysis in the watershed of the Oued sly(Algerian 

North-West). 

09H30-

09H45 

T07_11 

Hallouz Faiza, Meddi Mohamed, 

Ali Rahmani Salah.Eddine, 

Karahacane Hafsa, Guettar El 

Mekedem., Korieb Hamza. 

Evolution of sedimentary transport in wadiCheliff 

(North-West Algeria) 

09H45-

10H00 

T07_12 
Zahira Souidi1 And 

DjaziaBouderbala 

Soil erosivity in semi-arid regions: case of the macta 

watershed 

10H00-

10H15 

T07_13 Elhadj Mokhtari  ,   Ali Berghout 
Estimation of c-factor for soil erosion modeling using 
NDVI in Boussellam watershed Algeria 

10H15-
10H30 

Coffee Break / Poster session10H30-11H15 
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Poster Session 
Session president :                                                                                                        Assessor :  

ID AUTEURS TITLES 

T04_14 
Ali Alouache, Ammar Selatnia and 
Boubekeur Nadjemi 

Study of Congo red biosorption onto wood chips 

T04_17 

Badreddine Saadali1, El Fadel 

Derradji, Hicham Zerrouki, Nabil 

Bougherira, Abdelkader Khiari 

Organic pollution identification of waters using opi, li and ihe 

methods. Case study of el kala wetlands 

T04_19 Hadjer.Zeghache, Said.Hafsi 
Experimental study of the removal of two organic dyes from 

aqueous solutions by adsorption using activated carbon 

T04_20 
Hayet Chamekh, Mahdi Chihaand 

Fatiha Ahmed chakkat 

Degradation of azo dyes mixture solutions orange g and acid 

yellow 99 by uv/persulfate system 

T04_21 
Benrabah Samia,  Attoui Badra, 

Hannouche Mani,  

Supply state of drinking water in the wilaya of khenchela and 

its reinforcement by the hydraulic transfer of babar dam water 

T04_22 
Imene Chaabna, Chahrazed 

Boukhalfa 

Cr (vi) removal by reduction-precipitation application to 

chrome-plating waters 

T04_25 
Mehdi Belhani, Hamouda 

Boutaghane and Rym-Asma Boufas 

Effect of the regulation amendment of phosphorus discharge 

on life cycle impact assessment of wastewater treatment plant 

of guelma city - algeria 

T04_29 

Nassima Benyoub, Abdellah 

BENHAMOU And Abdelkader 

DEBAB 

Functionalized mesoporous materials for the adsorption of 

pharmaceutical micropollutants 

T04_33 
Walid Rezig, Mohammed Hadjel, 
Radia Gacem; Souhir Hamitou 

Water quality assessment in the tafna river basin 

T04_34 Youcef Sara, SeghairiNora The evolution of nitrates in constructed wetlands 

T04_35 
Youcef Soufiane, Guergazi Saadia, 

Youcef Leila, Achour Samia 
Study of zinc retention by adsorption on activated carbon 

T04_36 
Nawel Benouara, Lamia Hachemi 

Rachedi, Abdelaziz Laraba 

Assessment of spring water quality for irrigation purposes in 

seraidi region – northeast algeria 

T04_37 Hellal A.  Achour S Study of the reactivity of an amino acid with chlorine in 

variable dilution media 

T04_38 Zenati N, Gheid A, Belahcene N, 

Bensadoune M and Berrouk S 

Influence of geology and anthropic activities on the 

concentrations of trace elements in the surface water of the 

medjerda basin. 

T04_39 

Zoulikha Bellalia, Abdelkader 

Bouderbala  and Abdelamir Saaed 

Hamoudi 

Assessement of surface water quality for irrigation in the 

middle Cheliff 

T04_41 Sedrati Nassima, Major Habiba Assessment of Ouargla treatment plant efficiency 

T04_43 Derradji El Fadel 
Impact of hadjarsoud's cement plant on the environment and 

water resources (Northeast Algeria) 

T4_44 
WahidaKherifi ,Linda Hecini 

,HouriaKhericiBousnoubra 

Study of the quality of water in lake mellah and its catchment 

area (North-Eastern Algeria) 

T04_45 

Mohamed Amine Bensoltane, Lotfi 

Zeghadnia, Lakhdar Djemili, 
Abdelkrim Guebail, Ahmed Salah 

Araibia 

Control of the water supply quality: case study of Souk Ahras 
city 

T07_02 
Ahmed Chetti, Ahmed Benamar 

and Khaled Korichi 
3d numerical modeling of soil suffusion 

T07_07 
Boucherit Hafidha, Benaradj 

Abdelkrim et Bougherira Nabil 

Water and soil conservation measures in the region of Naâma 

(South-West Algeria) 
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11:15- 11:45   

Conference Closing Ceremony and Award distribution for: 

- Best Oral Presentation,  

- Best Posster presentation  

- Best Young PhD or Master student paper  

12:00 –13:00 Lunch 

13:00 –17:00 Visit to Seraidi 



The First International Conference on 
Water and Climate 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

8th – 9thOctober, 2019 
Badji MokhtarUniversity of Annaba, Algeria 

www.icwc2019.com 
 
 
 
 
 
 
 
 
 
 
 

Conferencethemes 
1. Extremeevents (floods, rainstorms, droughts) 
2. Climate change impacts adaptation and mitigation   
3. Hydrologic and hydraulic modeling  
4. Water quality and pollution  
5. Flood management and protection 
6. Urban drainage systems and Storm water infrastructures  
7. Soilerosion, Sedimentyield and sedimentation 
8. Water resource management, desalination and Water use  
9. GIS and remotesensing 
10. Eco-hydrology and hydro-ecology 

 

Important dates 
 Abstract submission: 15 th MarchJune 30th, 2018  Extension 

of Abstract submission deadline: July 15th, 2018 
 Acceptance of abstract : 15 th MayJuly 15th, 2018  

Extension of Acceptance of abstract deadline: July 30th, 
2018 

 Camera readypapers due : 15 th June 
 Conference : December 8th – 9th, 2019 

Submission 
Online abstract submission system is now open!Authors are requested to 
submit abstracts electronically in WORD format to thislink. If you have 
usedthis system before, you can use the sameusername and password. If 
thisisyour first time usingEasyChair, youwillneed to register for an account 
by clicking “I have no EasyChairaccount” button. Uponcompletion of 
registration, youwillget a notification email from the system and you are 
ready for submittingyourpaper. You can upload and re-upload the paper 
to the system by the submission due date. 
Registration 
INFORMATIONS 

 Registration is requiredfor all participants of ICWC 2019. 
 To bepublished in the ISFF 2018 ConferenceProceedings at 

least one of the authors of the 
paperis required to register for the conference and the 
paper must bepresentedduring the conferencedays. 



 Registration feesincludeconference sessions, 
conferenceproceedings, lunches and coffee breaks and 
Excursion. 

PAYMENT METHOD 
Registrationwilbenotifiedlater.  
Committees 
Organizingcommittee 

 
 
 
 
 
 
 
 
 

International scientificcommittee 
Pr. BERMAD Abdelmalek ENP Algies , Algeria          Chairman  
Dr. HACHEMI RACHEDI Lamia  UMBA,Algeria                 Coordinatrice  
Pr.ABDALLAOUI Abdelaziz  Moulay IsmailUniversity-  Morocco 
Pr.ABIDA Habib SfaxUniversity – Tunisia 
Prof. Saeid Eslamian-Iran 
Editor in Chief (International Journal of 
Hydrology Science and Technology 
 
Pr.BENABIDETTE Lahcen  

Sidi Mohamed Ben AbdellahUniversity- Morocco 

Pr.OSMAN Abdallah Water Resource Centre SQU Oman 
Pr.ACHOUR Samia Mohamed KheiderUniversityBiskraAlgeria     
Pr.BENKHALED Abdelkader Mohamed Kheider BiskraAlgeria     
Pr.DEBABECH Mahmoud Mohamed Kheider BiskraAlgeria     
Pr.DJEBBAR Yacine Souk AhrasUniversity, Algeria     
Pr.DJEMILI Lakhadr UMBA,Algeria     
Pr.GUERGAZI Saadia Mohamed KheiderUniversity Biskra Algeria     
Pr.HAMMAR Yahia UMBA,Algeria 
Pr.HOUICHI Larbi Batna 2, University ,Algeria 
Pr.MERABTINE Tarek University of Sharjah- UAE 
Pr.YOUCEF Leila Mohamed Kheider Biskra Algeria     

Pr.AMRANE Abdelatif Rennes1UniversityFrance 
Pr.ACHOUR Bachir Mohamed KheiderUniversity Biskra Algeria     
Pr.TEWFIK Mahdi Polytechnique MontréalCanada 
Pr. André PAQUIER  IRSTEA-Lyon,France 
Pr. MEKSAOUINE Mohamed UMBA, Algeria 
Pr. OUERDACHI Lahbassi UMBA, Algeria 
Dr. DEMBELE Abel  France  
Dr. GONZALEZ MERCHAN Carolina  Canada  
Dr. MOHAMED Saber Kyoto-University Japan 
Dr. TZORAKI Rania University of the Aegean - Greece 
Dr. TORRES Andres PontificiaUniversidadJaveriana - Colombia 
Dr. LOPES Pedro Coimbra university - Portugal 
Dr. MUTHUSAMY Manoranjan GranfiledUniversity – UK 
Dr. DORVAL Farah Université Quesquia – Haïti 
Dr. BENZAID Riad JijelUniversitéy, Algeria 
Dr. BOUKHMACHA Ahmed Amine ENP Algies, Algeria 
Dr. BOUTAGHANE Hamouda UMBA, Algeria 
Dr. BRIKSI Ali Université de Bejaia 
Dr. DJEDOU Messaoud Oum El BouaghiUniversity, Algeria 
Dr. GHOMRI Ali Oued SoufUniversity, Algeria  
Dr. HASBAIA Mahmoud M'silaUniversityAlgeria 
Dr. HEDDAM Salim SkikdaUniversity 
Dr. BEKOUCHE REHAB Souheila Skikda University 
Dr. LAKEHAL Moussa UMBA,Algeria 
Dr. LEFKIR  Abdelouahab ENSTP, Algeria 
Dr. MAAROUF Fateh Oum El BouaghiUniversity, Algeria 
Dr. METAICHE El Mehdi Universityof  Bouira, Algeria 
Dr. OUNOUKI Samira Mohamed KheiderUniversity Biskra Algeria     
Dr. SEKIOU Fateh Oum El BouaghiUniversity, Algeria 
Dr. ABDELBAKI Chérrifa Telmcen,University, Algeria 
Dr. BELHANI Mehdi ENSMM- Annaba,Algeria 
Dr. BERHAIL Sabri CU Mila, Algeria 
Dr. BOULMAIZ Tayeb GhardaiaUniversity, Algeria 
Dr. DJEDDAOUN Amel UMBAUniversity, Algeria 
Dr. HACHEMI RACHEDI Lamia UMBAUniversity, Algeria 
Dr. KEBLOUTI Mehdi CU Mila, Algeria 
Dr. LAOUACHRIA Fares UMBAUniversity, Algeria 
Dr. MOKHTARI El Hadj M'sila UniversityAlgeria 
Dr. SEKHAKHFA Imen UMBAUniversity, Algeria 
Dr. TOUIL Youcef M'sila UniversityAlgeria 

BOUTAGHANE hamouda  UMBA        Chairman  
LAKEHAL Moussa UMBA 
HACHEMI RACHEDI lamia UMBA 
BOUSLAH Soraya UMBA 
SEKHAKHFA Imen UMBA 
MOUSSAOUI Moufida UMBA 
HAMZAOUI Wahiba UMBA 
DJEDAOUNE Amel UMBA 
BELHANI Mehdi ENSMM-Annaba 
KECHIDA Said UMBA 



Dr. BAHROUN Safia ElTarfUniversityAlgeria 
Dr. BENZERRA Abbas Bejaia UniversityAlgeria 
Contact : 1th ICWC  

Dr. Hamouda BOUTAGHANE  
Badji Mokhtar- University of Annaba 

BP 12Annaba, 23000, Algérie 
Email:icwc2019@gmail.com 

www.icwc2019.com 
www.univ-annaba.dz/icwc2019 


