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Abstract 

 

The use in this thesis of hydrological models provides a correct estimate of the amount of 

water. The statistical tests and the drought indices are applied as the drought monitoring tools 

allowing it to be described quantitatively. This approach could facilitate decision-making by 

managers and help them to develop strategies for better management of water resources. The 

new insights of this research for the five Tafna sub basins located in northwestern of Algeria 

is the analysis of the hydrological response (runoff) following climate variability (temporal 

change) and in different sub basins (spatial change). The objectives of this work are: 

- Selection of the type of climate (wet, dry) in different time series (Annual, seasonal, and 

monthly) based on statistical analyses aiming at the detection of breakpoint and trends 

(magnitude and their directions), and evaluation of drought of hydrological variables. 

- Simulate the hydrological behavior of the study area (sub basins) based on the lumped 

models under different climate (wet and dry) conditions. 

- Compare the results of the hydrological response of the models in different climates and 

different sub basins. 

Synthetic results of the homogeneity test for the variability hydro-climatic mostly indicate the 

year break of 2007, and the increase at the end of the rainfall time series. In addition 

evaluation of drought indices (meteorological and hydrological drought) concluded that the 

wet periods are in the early of 2000, and the dry periods were between 1990 to 1999. The 

period between 1990 to 2005 was determined to assess the model performance. The results of 

application of the two lumped models (GR4J, HBV light), showed that the two models give a 

good performance for the two calibration periods, and a degradation of the performance in 

the validation phase relative to the HBV light compared to the GR4J. These differences in the 

hydrological model response provide insight into factors affecting hydrological processes, 

furthermore the effect of the hydrological model structure and parameter sets. It is likely that 

the reason for not seeing a considerable variation despite the different climate conditions of 

the sub basins is that the hydrological response (runoff) is mostly influenced by the flux from 

groundwater storage or by infiltration into the groundwater network due to the geology of the 

region (karstic), leading to be inconsistent with a variation of rainfall time series which 

represents the wet and dry climate. These models can be a useful tool for predictions of water 

availability under different climatic conditions for further water management studies in the 

study area and in other areas with similar conditions. 

Keywords: Hydro-climatic variability, Trend analysis, drought index, GR4J, HBV light, 

hydrological modeling. 

 

 

 



 

Résumé 

 

L'utilisation dans cette thèse de modèles hydrologiques fournit une estimation correcte de la 

quantité d'eau. Les tests statistiques et les indices de sécheresse sont appliqués comme outils 

de suivi de la sécheresse permettant de la décrire  de manière quantitative. Cette approche 

pourrait faciliter la prise de décision des gestionnaires et les aider à développer des stratégies 

pour une meilleure gestion des ressources en eau. La nouvelle perspective de cette recherche 

pour les cinq sous-bassins de la Tafna situés au Nord ouest algérien réside dans l'analyse de 

la réponse hydrologique (Débit) suite à la variabilité du climat (changement temporel) et dans 

différents sous-bassins (changement spatial). Les objectifs de ce travail sont: 

-  Sélection du type de climat (humide, sec) dans différentes séries chronologiques (annuelles, 

saisonnières et mensuelles) sur la base d'analyses statistiques visant la détection des points de 

rupture et des tendances (ampleur et leurs directions) ainsi que l‟évaluation de la sécheresse 

des variables hydrologiques. 

- Simuler le comportement hydrologique de la zone d'étude (sous-bassins) à partir des 

modèles globaux sous différentes conditions climatiques (humides et sèches). 

- Comparer les résultats de la réponse hydrologique des modèles dans différents climats et 

différents sous-bassins. 

 

Les résultats synthétiques du test d'homogénéité de la variabilité hydro-climatique indiquent 

majoritairement la rupture de l'année 2007, et l'augmentation à la fin de la série 

chronologique des précipitations. De plus, l'évaluation des indices de sécheresse (sécheresse 

météorologique et hydrologique) a conclu que les périodes humides se situaient au début de 

2000 et que les périodes sèches se situaient entre 1990 et 1999. La période entre 1990 et 2005 

a été déterminée pour évaluer les performances du modèle. Les résultats d'application des 

deux modèles globaux (GR4J, HBV light), ont montré que les deux modèles donnent de 

bonnes performances pour les deux périodes d'étalonnage, et une dégradation de la 

performance en phase de validation relative au modèle HBV light par rapport au GR4J. Ces 

différences dans la réponse du modèle hydrologique donnent un aperçu des facteurs affectant 

les processus hydrologiques, en plus de l'effet de la structure du modèle hydrologique et des 

ensembles de paramètres. Il est probable que la raison de ne pas voir une variation 

considérable malgré les différentes conditions climatiques des sous bassins est que la réponse 

hydrologique (Débit) est principalement influencée par le flux provenant du stockage des 

eaux souterraines ou par l'infiltration dans le réseau d‟eaux souterraines en raison de la 

géologie de la région (karstique), ce qui conduit à être incompatible avec une variation de la 

série chronologique des précipitations qui représente des séquences humides et sèches. Ces 

modèles peuvent être un outil utile pour prédire la disponibilité de l'eau dans différentes 

conditions climatiques pour d'autres études de gestion de l'eau dans la zone d'étude et dans 

d‟autres  zones présentant des conditions similaires. 

Mots clés: variabilité hydro-climatique, analyse des tendances, indice de sécheresse, GR4J,  

HBV light, modélisation hydrologique. 

 

 



 

 

 ملخص

 حصائ١ح الإ٠رُ ذطث١ك الاخرثاساخ . طشٚحح ذمذ٠شا صح١حا ٌى١ّح ا١ٌّاٖٖ الأسرخذاَ إٌّارج ا١ٌٙذسٌٚٛخ١ح فٟ ٘زئيوفر 

ذخار اٌمشاس ِٓ لثً اٌّذ٠ش٠ٓ ئْ ٠سًٙ أ ٘زا إٌٙح ٠ّىٓ  . ٌشصذ اٌدفاف ِّا٠ر١ح ٚصفٗ و١ّادٚاخوأِٚإششاخ اٌدفاف 

اٌشؤٜ اٌدذ٠ذج ٌٙزا اٌثحث لأحٛاض اٌرافٕح اٌفشػ١ح . فضً ٌٍّٛاسد اٌّائ١حأداسج لإِٚساػذذُٙ ػٍٝ ذط٠ٛش اسرشاذ١د١اخ 

تؼذ اٌرمٍثاخ إٌّاخ١ح  (اٌدش٠اْ اٌسطحٟ)اٌخّسح اٌٛالؼح فٟ شّاي غشب اٌدضائش ٟ٘ ذح١ٍلاخ الإسرداتح ا١ٌٙذسٌٚٛخ١ح 

  :٘ذاف ٘زا اٌؼًّ ٟ٘أ. (اٌرغ١ش اٌّىأٟ)ٚفٟ الأحٛاض اٌفشػ١ح اٌّخرٍفح  (اٌرغ١ش اٌضِٕٟ)

 حصائ١حالإتٕاء ػٍٝ اٌرح١ٍلاخ  ( شٙشٞ،ِٛسّٟ،سٕٛٞ)فٟ سلاسً ص١ِٕح ِخرٍفح  (اٌشطة ٚ اٌداف)خر١اس ٔٛع إٌّاخ ئ- 

 . ٚذم١١ُ اٌدفاف ِٓ اٌّرغ١شاخ ا١ٌٙذسٌٚٛخ١ح ،(اٌحدُ ٚ اذدا٘اذُٙ)ذدا٘اخ لإٌٝ اٌىشف ػٓ ٔماط الأمطاع ٚائاٌرٟ ذٙذف 

تٕاء ػٍٝ إٌّارج اٌّدّؼح ذحد ظشٚف ِٕاخ١ح ِخرٍفح  (حٛاض اٌفشػ١حالأ)ِحاواج اٌسٍٛن ا١ٌٙذسٌٚٛخٟ ٌّٕطمح اٌذساسح- 

 .(سطثح ٚخافح)

 .حٛاض فشػ١ح ِخرٍفحأسرداتح ا١ٌٙذسٌٚٛخ١ح ٌٍّٕارج فٟ ِٕاخاخ ِخرٍفح ٚلإلاسْ ٔرائح ا- 

 ٚ اٌض٠ادج فٟ ٔٙا٠ح ،2007ٔمطاع فٟ اٌؼاَ لإٌٝ ائخرثاس اٌردأس ٌٍرغ١ش إٌّاخٟ اٌّائٟ فٟ اٌغاٌة لإذش١ش إٌرائح اٌرشو١ث١ح 

ٌٝ ئ (اٌدفاف اٌدٛٞ ٚ ا١ٌٙذسٌٚٛخٟ) خٍص ذم١١ُ ِإششاخ اٌدفاف ،ٌٝ رٌهئضافح لإتا. اٌسٍسٍح اٌض١ِٕح ٌٙطٛي الاِطاس

ٚلذ ذُ ذحذ٠ذ اٌفرشج . 1999 ٚ 1990ْ فرشاخ اٌدفاف وأد ت١ٓ ػاِٟ أ ٚ،2000ئً ػاَ أٚأْ اٌفرشاخ اٌشطثح وأد فٟ أ

ْ إٌّٛرخ١ٓ أGR4J, HBV light) )ظٙشخ ٔرائح ذطث١ك إٌّٛرخ١ٓ اٌّدّؼ١ٓ أ. داء إٌّٛرجأ ٌرم١١ُ 2005 ٚ 1990ت١ٓ 

 GR4J. ِماسٔح ب HBV lightٌٝ ئداء فٟ ِشحٍح اٌرحمك تإٌسثح لأ ٚذذ٘ٛسا فٟ ا،داءا خ١ذا ٌفرشذٟ اٌّؼا٠شجأ٠مذِاْ 

 ػلاٚج ،سرداتح إٌّٛرج ا١ٌٙذسٌٚٛخٟ ٔظشج ثالثح ٌٍؼٛاًِ اٌرٟ ذإثش ػٍٝ اٌؼ١ٍّاخ ا١ٌٙذسٌٚٛخ١حئخرلافاخ فٟ لإذٛفش ٘زٖ ا

خرلاف وث١ش ػٍٝ اٌشغُ ِٓ ئْ سثة ػذَ سؤ٠ح أِٓ اٌّحرًّ . ث١ش ت١ٕح إٌّٛرج ا١ٌٙذٌٚٛخٟ ِٚدّٛػاخ اٌّؼٍّاخأػٍٝ خ

ثش فٟ اٌغاٌة تاٌرذفك أذد (اٌدش٠اْ اٌسطحٟ)سرداتح ا١ٌٙذسٌٚٛخ١ح لإْ اأاٌظشٚف إٌّاخ١ح اٌّخرٍفح ٌلاحٛاض اٌفشػ١ح ٘ٛ 

ٌٝ ػذَ ئ ِّا ٠إدٞ  ،(اٌىاسسر١ح)ٌٝ اٌشثىح ا١ٌّاٖ اٌدٛف١ح تسثة خ١ٌٛٛخ١ا إٌّطمح ئٚ تاٌرسًٍ أِٓ ذخض٠ٓ ا١ٌّاٖ اٌدٛف١ح 

ْ ذىْٛ ٘زٖ إٌّارج أ٠ّىٓ . ِطاس ٚ اٌرٟ ذّثً إٌّاخ اٌشطة ٚ اٌدافلأذساق ِغ ذثا٠ٓ فٟ اٌسلاسً اٌض١ِٕح ٌسمٛط الإا

داسج ا١ٌّاٖ فٟ إٌّطمح اٌذساسح ٚفٟ ِٕاطك ئداج ِف١ذج ٌٍرٕثإ ترٛافش ا١ٌّاٖ فٟ ظً ظشٚف ِٕاخ١ح ِخرٍفح ٌّض٠ذ ِٓ دساساخ أ

 .خشٜ راخ ظشٚف ِّاثٍحأ

 إٌّزخح ،GR4J، HBV light ، ِإشش اٌدفاف،ذدا٘اخلإ ذح١ًٍ ا ،اٌرمٍثاخ ا١ٌٙذسِٕٚاخ١ح :الكلمات المفتاحية

 .ا١ٌٙذسٌٚٛخ١ح
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I.1. Introduction and Problem statement 

 Water is a key resource known as the most complex and unique natural resource on 

the earth and highly uneven in space and time. Its availability is important to determine the 

rate of social and economic development, and essential for almost all activities related to the 

production of food and energy, to a necessary resource for supply of drinking water, where 

natural surface freshwater resources account for only a minimal share of the total water 

resources of the Earth.  

Due to the increasing growth in population, economy, industrial activities, urbanization, 

agricultural and livestock production, demand for water has increased in recent decades  

(demand for water for domestic, industrial, and agriculture sectors have risen roughly at 2.4 

% per annum in the world) (Gleick, 2003; Lombha, 2017), they were become one of the most 

resources exposed to challenges among the natural resources. And these challenges become 

even worse in arid and semi arid areas, where the associated risks of catastrophic drought, 

flood, extreme climate change, and limited means of managing water resources have 

dominated in these regions, will lead to water scarcity by 2025 (Seckler et al., 1999) 

threatening so food security, human health, and natural ecosystems than requires efforts in 

decision making processes on conserving water in term of the amount which their 

information is important to view the state of water resource. These objectives require 

hydrological estimates (river flows) and models are simplified representations of hydrology, 

and conceptualized the water fluxes in different climate conditions for understanding the 

hydrological behavior, and this is reason to include the hydrological models which are 

indispensable tools for calculating flows at a fixed time step in the outlet of the basins and 

most operational systems choose the model that contribute in developing the basic 

relationships between the different hydrologic systems like rainfall, evapotranspiration, and 

runoff and to be used in several practical and essential purposes based on the availability of 

long time-series of historical data from different sources (e.g. automatic rain gauges, radar, 

satellite) to produce the discharge hydrographs from basins (Ficchi, 2017). The performance 

evaluation of hydrological models is required to estimate their parameter values by 

calibration, validation based on comparison to the observed and simulated runoff of basins, 

and this does not guarantee proper representation of all hydrological processes within the 

basin (Güntner, 2008). Where hydrologic processes in different basins vary because of the 

difference in basin characters (the type of soil, land cover..etc), hydrologic models are 

commonly used as forecasting of flood due to change in factors governing the surface water 

flux, droughts anticipation (Lobligeois, 2014). The model is therefore an essential tool for 

water resources management, water allocation, and water balance,  and/ or one of the various 

face to the flood protection, hydrological and ecological management of the catchment under 

study (Bouadila, 2015).  

 Nowadays, the models have become standard tools to address many issues of the 

hydrological system, so it is important for researchers to have the ability to manipulate 

hydrological models and to use which requires the initiator to understand in general the 

notions of hydrology and understanding of hydrological variables and their variations which 
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are considered as input (factor of running the model) (Wagener and McIntyre, 2007; Seibert, 

2012).  

Water is a resource that is regularized domestic activities, agricultural and most 

economic activities, and their development. It is for this reason that we can notice that 

populations are generally grouped around water points. The demand for water has increased 

with the increase of the population, where the population reach 432 million in 2007 and is 

projected to reach nearly 700 million by 2050 in the Middle East and North Africa (Roudi-

Fahimi and Kent, 2007), this will lead to a 40% drop in per capita water availability in the 

region by 2050 (Terink et al., 2013). 

 The existence of water resource is related to the rainfall, which represents 
approximately 75% of surface water resource in Algeria, and it is considered as a generator to 

a runoff, where the rainfall rate of 327.2 mm can produce 203 Hm
3
 per year of runoff as 

entries in the Tafna basin (Northwestern of Algeria). North of Algeria experienced runoff 

deficits ranging from 37 to over 70% of the east towards the west of the country (Meddi, H., 

and Meddi, M., 2004), and more than 20% of annual rainfall amount starting from the mid-

1970s (Meddi et al., 2010; Hasanean, 2004; Knippertz et al., 2003; Zeroual et al.,2017) in 

Tafna basin, which led to a drastic decrease of streamflow by almost 55% in this region, and 

fluctuates from 61 to 71 % decline in streamflow in the extreme northwest (Meddi& Hubert, 

2003) as the trend of 50% reduction in surface resources and 30% in underground resources 

in the Tafna basin. Where the decrease of rainfall amount affected by the drought 

phenomenon caused a deficit in the water resource which affected the agriculture, the 

stopping of some water-consuming plants (Ghenim and Megnounif,2011), this resource often 

over-exploited and poorly managed, controlling the agricultural and industrial use of water 

evenly distributed have become major issues(Belarbi et al., 2015).  

For all these reasons, the quantification of water resources becomes important to better 
manage and exploit it in order to meet the demand for water in the sector of domestic, 

agricultural, and other activities that are related to the water in future studies. The model by 

using the software to improve the estimation of water quantity (runoff) was considered in the 

current study. Hydrological models are essential tools for all studies and research in the field 

of water resource estimation, valuation, and management (Bouanani et al, 2011; Boldetti, 

2012). However, the lack a lack of data availability, particularly in North Africa make 

limitation in choosing models. Several hydrological models exist that are capable to simulate 

hydrological processes from low to high objective, the input data, model structures, and the 

concept of the model to quantify runoff are different from model to model (Döll et al., 2015), 

this was a major factor for selecting the models in the current study. The data of rainfall, 

runoff, temperature, or evapotranspiration are used to produce the output simulated flows, 

these variables show a considerable shift throughout the last century, where are considered as 

critical variables of climate and hydrological studies and the change that they are faced will 

affect the hydrological cycle, streamflow (Jain and Kumar 2012; Kumar et al., 2019). 

Therefore, the knowledge of the characteristics, behavior, and interactions of the hydrological 

systems is important, especially when the hydrological behavior variability of the basins, 

although contiguous, is noticed (Karlsen et al., 2014; Oudin et al., 2010; Lyon et al., 2012; 

Teutschbein et al., 2015) under different climate conditions which also part of the variability 

in the hydrological behavior (Bloschl and Montanari, 2010), even in nearby and seemingly 

similar basins. To assess the hydrological responses of this region in the different climate 

periods (wet, dry), we resorted to using the  hydrological models, where the model 

parameters characterize the hydrology of the basin representing it in a simplified way (Thirel 



                                                                                                                    General Introduction 

   

4 
 

et al., 2015; Wang et al., 2018), where it is sensitive to changes in climate conditions (Nauditt 

et al., 2017). Understanding the response of these parameters to different climate condition, 

will give a more clear view about affected of some hydrological properties and processes of 

the basin by climate conditions. The common approach to reach this point is to perform a 

comparative study of the impact of different climate condition on parameters to a certain 

model and connect them with the model performance. The previous study in our region has 

not been conducted for the sensitivity of model parameters with different climate conditions, 

the new insights in this research for the study area is the study the hydrological response 

(runoff) in the variability of climate (temporal change)and in different sub basins (spatial 

change) which has not been processed before in our region. To choose an appropriate model 

for current research, we took look at some studies that made comparisons between 

distributed, semi-distributed, and lumped conceptual models. Their results reported that 

distributed models may or may not provide improvements compared with lumped models 

(Refsgaard and Knudsen, 1996; Reed et al., 2004), and the studies of (Tegegne et al., 2017b; 

Anshuman et al., 2019; Srivastava et al., 2020) encouraged to use lumped model than a 

complex model for hydrological modeling in data-limited basins, and in some cases, the 

performance of complex models does not necessarily yield significantly better performance, 

where the lumped model is commonly used due to its simplicity and low computational costs. 

The application of hydrological models provide a proper estimation of the water quantity, this 

approach could give confidence to decision-makers to develop water resource strategies and 

provision which their dimensions must be adapted to different climate conditions, and 

potentially transferable to other Mediterranean regions for the sustainable management of 

water resources. Therefore, the aim of this study is to assess the hydrological responses for 

different sub basins in the different climate periods (wet, dry) in lumped model. 

There are a lot of research activities going on in the North of Algeria undertaking the 

hydrological modeling (rainfall-runoff) which is currently often used in the research works in 

assessing the runoff for evaluating and quantify the water resource in small to a large basin to 

improve the planning, protection, and exploitation of water resources and are considered as a 

standard tool that is routinely used for the investigations and applications in hydrology. 

Research works conducted in the hydrological modeling in Algeria, we mention the study of 

(Bouguerne, 2016) which applied two models GR4J and HBV light. The results obtained by 

the two approaches diverge for a semi-arid region, especially for the Rhumel watershed, 

where the simulation of runoff through the use of the HBV light is more satisfactory, 

especially for sub basins at high altitudes. The results on the daily outlet specific simulated 

runoff are very adequate for the small and ungauged sub-basins. And the study of (Gherissi, 

2017) showed that the rainfall and runoff trends in the Wadi Lakhdar basin have generally 

been in deficit. The hydric analysis results obtained by the rainfall-runoff found this change's 

impact on water resources. Indeed, the climatic variability manifestations have had 

repercussions on the water resources of the basin which has also experienced a rainfall 

reduction and an increase in temperature. While the study of (Bendjema, 2020) tried to 

understand the hydrological functioning of the Wadi Mellah (Northeastern) using the models 

(GR1A, GR2M and GR4J, GARDENIA, HBV light). The results obtained indicate that these 

models have good predictive power and that the use of these methods therefore constitutes a 

fully justified and privileged alternative in the field of surface water resource management. In 

this regard, comparative studies in modeling would enable the identification of suitable 

models for understanding hydrological processes better and the prediction of water resources. 
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I.2.State-of-the-art and scientific questions 

 Hence the comparison between the hydrological models is the best option for making 

decisions on the performance of the model in several basins and climate conditions:  

- What's the relationship between the observed hydro-climate variables used as input in 

the hydrological  model? 

- Which methodology can be used to determine the climate conditions of the time series 

in the study?  

- Which model can be selected in the study based on data availability? 

- What are the best calibration parameters for each of the models? 

- Is there a best model that can accurately predict runoff in the different sub basins in 

study area?   

- How different are the optimized performance of the simulations runoff by the two 

models given in the two different calibrations? 

- Which model performs better in simulating the runoff in different climates (dry, wet) 

and different sub basins in the study area? 

I.3.Aims and Objectives of the research 

The aim of this study is to assess the hydrological responses by using a lumped 

models for different sub basins during different climate periods (wet, dry) in the Tafna basin 

(located in Northwestern Algeria) which is characterized by temporal variability of rainfall 

from the 1950s until the 1990s and reflected a significant decline of more than 20% of annual 

rainfall amount starting from the mid-1970s. This region suffered by drought years with the 

return of rising rainfall between 2001 and 2007.  

  To reach this objective, we resort to: 

1. To asses variability (homogeneity) and trend analysis of hydro-climatic variables of the 

basins based on available data to defined the break point in time series for selection 

homogeneity period,  

2. Comparison of different indices for meteorological drought and hydrological drought, 

3. Select the type of climate (wet, dry) in time periods series based on the results of statistical 

analyses.  

4. Set-up different hydrological model for different level of data condition, 

5. To identify which parameters in each of the two models influence the simulated runoff in 

calibration phase, 

6. Simulate the hydrological behavior (Validation) of the lumped model (GR4J, HBV light) 

under different climate conditions, 
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7. To compare the performance of different hydrological models under different levels of data 

in different climates and different sub basins, and identify the best of the two models for 

predicting runoff. 

I.4.Structure of the thesis 

In order to achieve the above objectives, the thesis is organized into 5 chapters 

(including the introduction the context of our work, providing a review of the problem, 

describes the objective) as follows: 

Chapter 1 presents a literature review of hydrology, hydrological modeling concept, with 

particular emphasis on rainfall-runoff models selected including the structure, parameters, 

and performance criteria in current research. 

Chapter 2 presents an introduction to the study area includes geographical location, 

morphometric, geological, and hydro climatic study. 

Following this, chapter 3 presents the historic hydro-climatic data and studies the variability, 

homogeneity, and trend analysis.  

Chapter 4: Comparison of different indices of meteorological and hydrological to identify the 

drought or wet periods.  

Chapter 5: Comparison of the performance of two hydrological models (GR, and HBV light) 

in order to assess the impact of drought and wet conditions on the hydrological models' 

response, which is also followed by conclusions and recommendations for future research 

areas. 
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I.1. Introduction 

 Hydrology is quantifying the water cycle in the continental part i.e. the movement of 

masses of water in the hydrosphere. The major physical processes (fig.I.1) considered in 

continental hydrology include precipitation, interception, evaporation, transpiration, 

infiltration, percolation, runoff (from overland, sub-surface, and groundwater flow), and 

open-channel flow (Ficchi, 2017). This is a representative part of the cycle that still covers 

meteorological phenomena, flows with a free surface, porous medium, mass, and energy 

transfers in the biosphere, etc.(Moine, 2008). The basin is defined at any point or cross-

section of a river, as the entire topographical and geological area drained by the river and its 

tributaries upstream of this section (Ficchi, 2017).  

 The hydrological model can be used to describe the observed behavior of the basin 

from precipitation to runoff (Fouchier, 2010; Chaponniere, 2005; Reed et al., 2007), and it is 

a simplified representation of a complex or natural system. Physical phenomena are 

quantified by  equations or the logical operations in a program algorithm (Bessière, 2008; 

Ramos et al., 2009; Musy and Higy, 1998; Maref, 2019) with the aim of analysing of the 

system behavior such explaining hydrological processes and for hydrological forecasting 

(Haan et al., 1982). Hydrologic models can be classified into the category of deterministic 

models(Lumped model, semi-distributed model, and distributed model) based on the presence 

of random variables, their distribution in space, and temporal variation (Chow, Maidment, & 

Mays, 1988), and stochastic models based on whether random variables in space influence 

each other, and also into the process description (conceptual, empirical, and 

physical)(Dwarakish and Ganasri, 2015). Several scientific and operational applications to 

hydrological models are represented in hypothesis testing, improving our understanding of 

the system and extrapolating measured data in time and space(Götzinger, 2007). All of these 

applications contribute to some extent to the decision making in water management (Beven, 

2012; Pool, 2018). The fluxes of water and the storage illustrated the hydrological 

functioning of the basin, and it is estimated by calibration of parameters, this allows a 

conceptual approximation to reality, and on the other case, there is the approximation in a 

physical way but for much larger scale (Beven, 2012). Through the calibration,  the 

estimation of the parameter was by minimizing the difference between observed and 

simulated discharge using an error metric (Mean absolute error (MAE), mean squared 

error(MSE)...etc) (Pool, 2018). In the current research, the rainfall-runoff models are used in 

operational hydrology. These models are estimating the forecast of the runoff from amount of 

rainfall by this basin (Donelly-Makowecki and Moore, 1999). A literature review of the 

concept and the types of models that are used in this research are given in the following 

section. 
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Figure I.1. Water cycle Diagram (Evans and Perlman, 2015). 
 

I.2. Components of the hydrological cycle 

 The hydrologic cycle can be subdivided into three major systems: The oceans being 

the major reservoir and source of water, the atmosphere functioning as the carrier and 

deliverer of water, and the land as the user of water. The major components of the hydrologic 

cycle are precipitation, interception, depression storage, evaporation, transpiration, 

infiltration, percolation, moisture storage in the unsaturated zone, and runoff (surface runoff, 

interflow, and baseflow). 

I.2.1.Precipitation  

 Precipitation is moisture that falls from the atmosphere as rain, snow, sleet, or hail to 

the land surface, and it varies in amount, intensity, and form by the season and geographic 

location which impact whether the water flows into streams or infiltrate into the ground. 

Precipitation is one of the main inputs in the water balance but is the most difficult variable to 

measure due to temporal and spatial variability in an area (Jiang, 2004; Zhang and Srinivasan, 

2010; Jeniffer et al., 2010). 

I.2.2. Factors influencing precipitation 

 The factors contributing in difference of precipitation, especially at watersheds are 

mainly topographical such as altitude, aspect, direction of mountain ranges (Basist et al., 

1994; Daly, 2006; Cukur, 2011), global ocean currents, relative continental position, and 

orographic enhancement which is affected by wind speed and direction (Johansson and Chen, 

2003; Daly, 2006) and it has minimal influence on precipitation in arid and semi-arid areas 

Augustine (2010) stated that orographic variation has minimal influence on precipitation in 

arid and semi-arid areas (Mengistu,2019). 
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I.2.3.Evapotranspiration 

 It is the transformation of natural liquid water into vapor. Evaporation happens in 

surface waters, while transpiration is the process of vaporization of water contained in plant 

tissues and loss to the atmosphere (Allen et al., 1998), Therefore, evapotranspiration term 

describing the two processes mostly occur simultaneously, and is difficult to separate them 

(Jovanovic and Israel, 2012).  

Evapotranspiration uses a large portion of precipitation related to other processes associated 

with the hydrological cycle.   

I.2.4.Factors influencing evapotranspiration 

There are two factors that influence evapotranspiration (Hillel, 1977; Rasheed et al., 1989; 

Hillel, 2004): 

 A continual supply of heat to meet the latent heat requirement of water, which can be 

influenced by meteorological factors such as radiation, air temperature, humidity and 

wind velocity, which together determine atmospheric evaporability.  

 A continual supply of water to the site of evaporation depends on the properties of 

water in the evaporating body which determine the maximal rate at which the body 

can transmit water to the evaporation site (Hillel, 1977; Rasheed et al., 1989; Hillel, 

2004; Rose et al., 2005). 

 Therefore, evapotranspiration is affected by the complex interaction between 

topography, soil characteristics, vegetation, and climatic factors (Mo et al., 2004; Western et 

al., 2004; Wenzhi and Xibin, 2016). These factors determine the rate of evapotranspiration by 

influencing the availability of water, energy and vegetation type of the area (Mengistu, 2019). 

I.2.5. Infiltration and percolation 

 Infiltration refers to the movement of water entering the surface layers of the soil and 

the flow of this water in the soil and subsoil, under the action of gravity and the effects of 

pressure. The rate of infiltration is influenced by the physical characteristics of soil,  soil 

cover, the water content of the soil, and rainfall intensity. Rather, percolation is the 

downward movement of water through soil and rock. Groundwater percolates through the 

soil much as water fills a sponge, and move from space to space along fractures in the rock, 

through sand and gravel, or through channels in formations such as cavernous limestone. The 

terms infiltration and percolation are often used interchangeably. 

I.2.6.Runoff 

 Runoff is a natural phenomenon of water flowing freely to stream channels, lakes, 

ocean, or low points on the earth's surface. Four types of runoff may occur (Mockus, 2004; 

Wagener et al., 2004), (i) when rain falls directly on a flowing stream and appears in the 

hydrograph (a graph showing the rate of flow versus time), (ii) when the rate of water 

application or rainfall exceeds the soil‟s rate of infiltration, (iii) when infiltrated rainfall 

saturates a subsurface horizon with poor drainage and travels laterally above the subsurface 
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zone, (iv) or in form base flow is a steady flow that comes from an aquifer replenished by 

percolation after a rainfall event (Mockus, 2004, Mengistu,2019). 

I.2.7.Factors affecting runoff 

 Apart from rainfall characteristics, there are a number of other factors influencing the 

occurrence and volume of runoff such as: 

 Soil type 

 The infiltration capacity is dependent on the porosity of a soil which is based on soil 

type. The highest infiltration capacities are observed in loose, sandy soils; this factor 

determines the water storage capacity and affects the resistance of water to flow into deeper 

layers  

 Vegetation 

The amount of rain lost to interception storage on the foliage depends on the kind of 

vegetation and its growth stage. Whereas what affects the surface flow is a dense vegetation 

cover on low slopes, giving the water more time to infiltrate and evaporate, yields less runoff 

than bare ground. 

 Slope and watersheds size 

 Investigations on experimental runoff plots (Sharma et al. 1986) have shown that 

steep slope plots yield more runoff than those with low slopes, in addition, the quantity of 

runoff decreased with increasing slope length. The runoff efficiency (volume of runoff per 

unit of area) increases with the decreasing size of the watersheds, where the size of the 

watersheds is lareger, the time of concentration is increased, and runoff efficiency decrease. 

I.3. Scales for study of hydrologic cycle 

 There, two scales are readily distinct from the point of view of hydrologic studies 

(fig.I.2; fig.I.3): 

 Global scale 

 The hydrologic cycle can be considered to be comprised of three major systems; the 

oceans, the atmosphere, and the landsphere. Precipitation, runoff and evaporation are the 

principal processes that transmit water from one system to the other. In general, the 

hydrologic cycle shows the interactions between the earth (lithosphere), the oceans 

(hydrosphere), and the atmosphere, which is necessary to understand the global fluxes and 

global circulation patterns.  

 Watersheds Scale 

 On a watersheds scale, the spatial scale can range from a few square km to thousands 

of square km, and the time scale could be a storm lasting for a few hours to a study spanning 

many years. The water movement can follow three systems: the land (surface) system, the 
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subsurface system, and the aquifer (or geologic) system. When the attention is focused on the 

hydrologic cycle of the land system, the dominant processes are precipitation, 

evapotranspiration, infiltration, and surface runoff. The land system itself comprises of three 

subsystems: vegetation subsystem, structural subsystem and soil subsystem. These 

subsystems subtract water from precipitation through interception, depression and detention 

storage. 

                               

 

 

 

 

 

 

 

I.4.Hydrological modeling 

 The model is defined as a simplified system representing the schema to a physical 

phenomenon, the equations, or the logical operations in a program algorithm (Bessière, 2008; 

Ramos et al., 2009; Musy and Higy, 1998; Maref, 2019) aim of simplifying the study and the 

analysing of the system process. each model has a numeric measure of a feature, which is 

defined as parameters (Beven, 2001) can be classified into physical and process parameters 

(Sorooshian and Gupta, 1995). Physical parameters can be measured directly, such as, 

measures soil permeability, while, the process parameters cannot be measured directly and 

must be deduced indirectly (Gupta et al., 1998), such as the effective depth of soil moisture 

storage, etc. 

Among these models, the hydrological model that depends on modeling the water cycle in 

a basin (infiltration, runoff, evaporation, evapotranspiration, snowmelt, etc.) (Fouchier, 2010; 

Figure I.2. A global schematic of the hydrologic cycle. 

Figure I.3.A schematic of the hydrologic cycle of the earth system. 
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Chaponniere, 2005) through a mathematical and physical relation that studies the relationship 

between rainfall and runoff and the comprehension of frequency flows (Reed et al., 2007) 

and explain hydrological processes and for hydrological forecasting (Haan et al., 1982). 

There several applications of hydrological models such as simulation, predetermination 

(evaluation of project data), reconstruction, or extrapolation of data, and forecasting 

(Bessière, 2008; Ramos et al., 2009) for the objective such as: Study of the interaction 

between surface water and groundwater; the short-term flood simulations, prediction of 

floods and sizing of structures, this represents the most common operational use of 

hydrological models., and water resource management under affected by climate change, 

management of water tanks for drinking water supply and irrigation (Singh and Frevert, 

2006), the impact of agricultural (Rousseau et al., 2011; 2013) and urban (Mailhot et al., 

2002) discharges on water quality.  

The approach of modeling contains specific steps: 

- Choosing a suitable model based on the general problem and the availability and quality of 

hydrological data (Abushandi, 2011) and the objective of the study, all types of models have 

their own domain of efficiency (Dooge, 1977) and adaptability.  

- The entry of the data collected and the Sensitivity analysis of a model. There are two 

different stages of the sensitivity analysis in modeling: first, perform a sensitivity analysis 

before the calibration step to identify the most important parameters and reduce the 

dimensionality of the calibration process (Bastidas et al., 1999), and second after the 

calibration step to assess whether the parameters are correctly or poorly identified (Clarke, 

1973). 

- Calibration of the model, where the parameters are adjusted to reduce the error between 

simulated and observed values (Refsgaard and Storm, 1996; Bessière, 2008) in order to 

obtain a conceptually realistic set of parameters that reflects the understanding of the physical 

system (Sorooshian, 1983) and identify and recognize certain hydrological properties of the 

watershed (Gerard, 2010). The success of any model calibration process depends on the 

observed data, the structure of the model, the calibration conditions, and the optimization 

procedure (Abouabdillah, 2009). 

- Validation is following a process of the calibration for verification is a step often included 

in the modeling procedures, and it must be used to test the divergence of a model over a wide 

range of hydrological conditions (Todini and Wallis, 1977). Validation tests should be used 

to test the model's ability to give results for input data other than that used to calibrate the 

model (Refsgaard and Storm, 1996). The phases of hydrological modeling can be 

summarized in the diagram below (fig.I.4) (Refsgaard and Henriksen, 2004). 
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Figure I.4. Schematic representation of a hydrologic model application (Yu, 2015). 
   

Hydrological models are classified based on the following criteria: 

- Description of hydrological processes; 

- The representation of space; 

 - Temporal discretization (Bessière, 2008). 

I.4.1. Choosing a model 

The choice of a hydrological model is based on the following elements: 

 It is includes a well-developed user interface where all parameters, inputs, and outputs 

easily could be controlled,  

 Easily perform runs from the command line for simulation,  

 Data needed were readily available (Kloosterman, 2012; Masih et al., 2010),  

 It has been widely used world-wide in particular in Mediterranean region (Dakhlaoui 

et al., 2012; Ouatiki et al., 2020). 

 The choosing certain parameters in the modeling is based on the objectives of the 

hydrological study; 

 Calibration methods of rainfall-runoff models. 

I.4.2. Model calibration methods 

The model calibration can be classified into three different methods: 
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 Manual calibration 

 This method is based on evaluating manually the error between the output values and 

the observed values and the sample of reference for giving values to the parameters of the 

model. 

 Automatic calibration 

 This method is based on using of a numerical algorithm to find an extreme of a given 

numerical criterion to optimize the model parameters in order to determine the set of 

parameters that will satisfy a given precision criterion through different possible 

combinations (Kingumbi, 2006). 

 Mixed calibration 

Mixed calibration consists of combining the manual setting and automatic setting. We 

determine the parameter variation interval manually, and then the automatic method is used 

to find the optimal parameter values. 

I.5. Classification of hydrological models 

 According to the approach of the hydrological modeling used, it can differentiate 

between the models (tab.I.1). The classification was summarized (Kauark Leite, 1990) into 

three groups: 

 According to the model approach, models can be classified into two different types 

(fig.I.5): 
 

Deterministic models: they are based on physical processes (Chow et al., 1988), which 

represent a real system similar system that has similar properties (Audrey, 2013). And they 

associate with each set of forcing variables, state variables, parameters, and unique 

realization value of the output variables (Maftai, 2002). 
 

Stochastic models: they deal with state variables or parameters which are random 

variables, using statistical distributions. Thus, the output variable or variables are random 

variables. When the phenomenon studied is random, it could use the probabilistic 

approach (Chocat, 1997). 
 

 According to the description of processes that determine the transformation of rain into 

flow at the level of the watershed, the models can be classified into three different types: 

Empirical models: they are based on the stochastic time series (Ambroise, 1999), 

containing parameters that may have little direct physical significance and not give the 

internal structure and the response of the basin into account (Bessière, 2008). Empirical 

models applied a less number of parameters and data (Abushandi, 2011). And they are 

useful to decision-making due to the accuracy of its answer (Hsu et al., 1995), this appears 

in the time series models. An example of these models is the GR (Fr. Génie Rural) models 

(Loumagne, 1988; Edijanto and Michel, 1989). 
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A physical-based model: it uses a system that similarity to a logical structure of the real 

system, and it can be classified as scale models that have a physical similarity to the real 

system, and analog models that are using a physical system with properties similar to that 

of reality. Physical models are useful for understanding a complex phenomenon and 

carried experiments under favorable conditions (Maref, 2019). Physics-based models 

include runoff models (Bessière, 2008), infiltration models (Morel-Seytoux, 1978), 

evaporation models (Freezb, 1971). An example of these models is the SHE model 

(Abbott et al., 1986). 
 

Conceptual models: they are intermediate between physical and empirical models. 

Conceptual models transformed of rain into a runoff in the reservoirs as a cascading 

structure (Furusho, 2008; Moussu, 2011) which drain into each other. These models are 

close to the reality of hydrological and less complex than physical models (Maref, 2019). 

An example of these models is TOPMODEL(TOPography based hydrological MODEL) 

(Obled et al., 2009). 

 According to the spatial discretization, the model can be classified into three different 

types (fig.I.6): 
 

Global models: the model treat the basin as a homogeneous set, which requests the 

limited amount of input data expressed by mean values o the basin: average rain, average 

slope, etc. The elementary processes of transformation of rain into flow are described in 

the form of simplified equations or equations from experience (Singh, 1995). An example 

of these models is the HEC-1 model, GR (HEC, 1998; Perrin et al., 2003). 
 

A semi-distributed model: this model adopts partition of the basin into separate sub-

basins that are treated as homogenous in themselves, where it is entering the separate input 

data to each sub-basin (rain, flow, slope, etc.). The best example of these models is the 

HEC-HMS, HBV light model (Bergström and Forman, 1973; Scharffenberg and Flemin, 

2010). 
 

Distributed models: In this model, the whole basin is divided into elementary unit sub-

basins (meshes) which is considered as a homogeneous unit. For run this model requires a 

large amount of hydrological and physical data (Batelaan et al., 1996), where the number 

of parameters estimated increases (Beven and Binley, 1992; Senarath et al., 2000). 

Distributed models are frequently used as tools for the detailed description and simplifying 

of hydrological processes which can fluctuate in time and space (Abushandi, 2011). An 

example of these models is HYDROTEL, SWAT (Soil and water assessment tool) (Fortin 

et al., 1995; Arnold et al., 2012). 
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Figure I.5.General classification of the Components of hydrological models 

(Chow et al., 2005). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure I.6. Schematics of three different models, lumped, semi-lumped and 

semi-distributed (Newsha et al., 2004). 
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Table I.1. List of different of models, with the code and number of parameters 

(Perrin et al, 2000). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I.6. Rainfall-runoff modeling 

 Rainfall-runoff models describe the behavior of hydrological systems in a simplified 

and usable form that can be used for practical purposes by generating streamflow time series. 

And these models attempt to interpret by mathematical expression (Eykhoff, 1974; Ficchi, 

2017) the rainfall in a certain time and space into a discharge at the outlet of the basin. In 

addition to rainfall, there are other variables used to produce the output flows, such as 

temperature or evapotranspiration. Several models are currently used and some still to be 

improved to be close to reality despite the complexity levels (Chkir, 1994). To deal with this 

complexity, there is a variety of approaches that can be summarized in two general 

complementary strategies: 
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 The reductionist approach: this approach is based on the division of the study system 

(basin) into a number of interconnected elementary units of smaller spatial 

dimensions (grid elements) where some elementary physical laws can be applied. 

 The lumped approach: it analyses the system at a large spatial scale, and define the 

rainfall-runoff relationship with some conceptual or empirical relationships. 
 

Rainfall-runoff model is defined by: 
  

 Input variables (independent variables): defined also as forcing variables that playing 

a role in a large number of processes. These variables are usually represented by rain and 

evapotranspiration or temperature. 

 

 The state variables: describe the state of the internal variables of the system. 

 The output variables (dependent variables): These generally represent the response of 

the system, in addition to variables of interest to the modeller. 

 The mathematical equations: these allow connect the output variables to the input 

variables and to the state variables and involving the function of the system process. 

 The parameters: it may (or not) represent a physical significance to adopt the 

relationships governing the model to functioning actually observed (Perrin et al, 

2000). 
 

I.6.1.The purpose of a rain - runoff model 
 

 a) Simulation of flows: the reconstruction of historical flows (rain data is often available for 

periods much longer than flows), for filling gaps in data series or to allow statistical 

processing. 

b) Forecast of floods and low water: This involves assessing in advance the state of the 

basin, the flood flows likely to present risks (flooding) and the occurring number of floods 

and how long. The low water flows may require special management of the resource 

(Example: reservoir dams) to ensure water supply and the arrangements in the bed of the 

watercourse. 

c) Influence of developments on hydrology: the analysis of the changes and predict it under 

the human origin or environmental changes to highlight two important aspects, that of risk 

assessment and that of resource management. The response of these issues can relate to the 

suitability of the model in its representation of the basin and the objectives set(Perrin et a.l, 

2000). 
 

I.7. Uncertainties in hydrology 
 

Definition of uncertainty: 
 

 Uncertainty is the result of the lack of information in the modeling of physical 

phenomena. According to (Mailhot and Villeneuve, 2003), uncertainty is defined as the 

probability of exceeding a given threshold (or probability of system failure). 
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I.7.1. Typology of uncertainties in hydrological modeling 
 

 For hydro-systems, (Refsgaarde and Storm, 1996) identify the following sources of 

uncertainty: 
 

 Uncertainties on forcing variables:  This uncertainty is present in data acquisition 

techniques (weather stations, radar, etc.), where it difficult to identify the variability 

and the local complexity of the data through a few measurement points.  

 Uncertainties linked to nature: this is the spatio-temporal variability of the modeled 

processes thus generating variability in the outputs of the model. 

 Uncertainties linked to the structure of the model: this type of uncertainty is the 

result of the fact that the model is a rough representation of the complex natural 

system. 

 Uncertainties linked to the parameters of the model: they are associated with the 

use of imperfect techniques for estimating parameters of the calibration of the model. 

 Uncertainties on the states of the watershed over time; no simulation time, in 

particular the initial state. 

 Uncertainties on the flow observations used both in calibration and validation. 

 

I.7.2. Objectives of the uncertainty analysis 
 

 All the potential sources of uncertainties should be evaluated. The estimation of the 

uncertainty on the model must be realised (Beck, 1987) to characterize the main ones, 

combine them and propagate them to have the total uncertainty on the output of the model in 

order to succeed the model in better reproducing the real behavior of a watershed and for 

hydrological modeling to achieve its objectives (assess the dynamics of the different flows 

and stocks, for example, spatial interpolation of precipitation,  evapotranspiration, surface 

runoff, water flows and contents in saturated and unsaturated zones, stream flows) and 

identify the parameters whose uncertainties contribute the most to uncertainties on simulated 

flows. The analysis of the uncertainty makes it possible to estimate the probability of 

obtaining a certain flow rate value, depending on the uncertainty on the parameters of the 

model (Melching et al., 1990). 
 

I.7.3. Uncertainty analysis techniques 
 

 There are two main approaches for estimating model parameter uncertainties (Muleta 

and Nicklow, 2005): 
 

I.7.3.1. A local approach to uncertainty analysis 

 

 This approach is based on the Taylor series development of the model response as a 

function of the parameters and analysis according to the local approach in the parametric 

hyperspace of the model and around an optimal operating point (reference point) (Turanyi et 

al., 2006). This approach involves the analysis of partial derivatives of the response. In the 

case where these derivatives are complex to solve analytically, the resolution is done 

numerically. 
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I.7.3.2. Global approach 
 

 Global approaches are based on the principle of a random sampling of parameter sets 

and the estimation of the statistical characteristics of the response of the model from sets of 

random parameters (Griensven et al., 2006; Turanyi et al., 2006). The advantage of the global 

approach is that it takes account of the whole of parametric space and the interdependencies 

between the parameters. 

I.7.4. Modeling evaluation criteria 

 The evolution and efficiency of a hydrological model relate to criteria which are 

analytical or graphic criteria depending on the objectives of the study and provide more 

information on the systematic and dynamic errors present in the model simulation, these 

criteria are as follows: 

I.7.4.1. Nash-Sutcliffe criterion 

 The Nash coefficient is defined as one minus the sum of the absolute squared 

differences between the predicted and observed values (Nash & Sutcliffe, 1970), and it 

provides information on the differences between the values calculated by the model and the 

values observed. The Nash coefficient is commonly used by hydrologists to assess the 

relevance of the modeling results. It is calculated as: 

                     𝑁𝑎𝑠 =  1 −
  𝑄𝑜𝑏𝑠 −𝑄𝑐𝑎𝑙  2𝑛

𝑖=1

  𝑄𝑜𝑏𝑠 −𝑄 𝑜𝑏𝑠  2𝑛
𝑖=1

                              Eq.I.1 

Qcal,i: Calculated value, 

Qobs,i: Observed value, 

𝑄 𝑜𝑏𝑠 = Average of the observed values (i = 1 to n).  
 

The range of the Nash coefficient between −∞ and 100 %( perfect fit). A Nash coefficient 

lower than zero indicates that the mean value of the observed time series would have been a 

better predictor than the model (Lavabre et al., 2003). 
 

I.7.4.2. Coefficient of determination r
2 

 

 The coefficient of determination r
2 
is defined as the squared value of the coefficient of 

correlation according to Bravais-Pearson, and it can be defined as the squared ratio between 

the covariance and the multiplied standard deviations of the observed and predicted values. It 

is calculated as: 
 

           𝑟2 =  
  𝑄𝑜𝑏𝑠 −𝑄𝑜𝑏𝑠         𝑄𝑐𝑎𝑙 −𝑄 𝑐𝑎𝑙  𝑛

𝑖=1

   𝑄𝑜𝑏𝑠 −𝑄𝑜𝑏𝑠        2𝑛
𝑖=1    𝑄𝑐𝑎𝑙 −𝑄 𝑐𝑎𝑙  2𝑛

𝑖=1

 

2

           Eq.I.2 

 

The range of r2 lies between 0 and1 which describes the dispersion between a fitted line and 

all of the data points that are scattered throughout the diagram. A value of zero means no 
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correlation at all whereas a value of 1 means that the dispersion is equal to that of the 

observation (Krause et al.,2005). 

I.7.4.3. Root-mean-square error (RMSE) 

 

 It represents the differences between the observed values and the calculated values. It 

varies with the variability within the distribution of error magnitudes and with the square root 

of the number of errors (n1/2) (Cort and Kenji, 2005), where: 

 

                      𝑅𝑀𝑆𝐸 =  
  𝑄𝑐𝑎𝑙 −𝑄𝑜𝑏𝑠  2𝑛

𝑖=1

𝑛
                                 Eq.I.3 

 
 

I.7.4.4. Mean absolute error (MAE) 

 

 It defined by the average of the differences between the observed values and the 

calculated values (Cort and Kenji, 2005): 

 

                  𝑀𝐴𝐸 =
1

𝑛
  𝑄𝐶𝑎𝑙 − 𝑄𝑜𝑏𝑠  𝑛

𝑖=1                             Eq.I.4 

 

I.7.4.5. Bilan   

 

This criterion compares the performance of the model from one period to another. 

 

                           𝐵𝑖𝑙𝑎𝑛 =
 𝑄𝑐𝑎𝑙

𝑛
𝑖=1

 𝑄𝑜𝑏𝑠
𝑛
𝑖=1

                                            Eq.I.5 

 

 

I.8.The rainfall-runoff models selected 

 

 In this study, we have chosen two rainfall-runoff models which are simple and quick 

to use, and theoretically adapted to any type of climate which encouraged us to apply this 

models, not very data-needful, it required the rainfall, temperature, and flow inputs to 

simulate flows, in facing the situation of lack of data and the insufficient data spatially 

distributed in each one of the sub basins, where the available data reflect only part of the sub 

basin. The comparison method that focuses on two models is an approach that we have 

chosen in order to obtain satisfactory results and limit the volume of the results presented and 

draw general conclusions where each model has different levels of the complexity and the 

parameters used. The lumped models are superior when it comes to simulating flows at the 

outlet of watersheds (Bormann et al., 2009).  
 

  The first model (GR4J)(Perrin, 2000, Perrin et al., 2003) is a simple model with 4 

parameters to calibrate with the advantage of having relatively different formulations of their 

production function, which obtained reliability results in Mediterranean watersheds (Tafna 

(Baba Hamed, 2001; Bouanani, 2010; Gherissi, 2018), Mekerra (Otmane, 2015), Tunisia 

(Boudahraa, 2007), Morocco (Ahbari, 2013)). 
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 The second model HBV light (Bergström and Forman, 1973; Bergström, 1992) is a 

more complex model with 14 calibration parameters, it was applied to a watershed in eastern 

Algeria (Bouguerne, 2017, Bendjema, 2020), and a Tunisian basin (Dakhlaoui, 2014; 

Ouachani, 2003, 2004). The use of two hydrological models is important to compare the 

outputs of the models which ensure that the results do not depend on a specific feature of a 

single hydrological model. The structure of the two lumped models is presented below: 

 

I.8.1. GR4J: A daily four-parameter rainfall-runoff model 
 

I.8.1.1. Introduction 
 

 The GR4J model (Fr. "Génie Rural") is a daily lumped rainfall-runoff model that is 

based on four parameters:  
 

X1: the maximum capacity of the production tank (mm), 

X2: the groundwater exchange coefficient (mm),which influences the routing store, water 

infiltrates to the aquifer when X2 has a negative value, while water exits the aquifer and adds 

to the routing storage when it has a positive value, 

X3: the maximum capacity of the routing tank (mm), it depends upon the type and the 

humidity of the soil,  

X4: the time peak ordinate of hydrograph unit UH1 (day),the ordinate of this hydrograph is 

generated based on runoff, where 90% of the flow is a slow flow that infiltrates into the 

ground, and 10% of the flow is a fast flow along the soil surface.  
 

 The production tank (X1) is stored at the surface of the soil that holds rainfall(Perrin 

et al,.2003, Tegegne et al.,2017). The GR4J model is the last modified version of the GR3J 

model originally, it was developed at the French CEMAGREF (Perrin et al,.2003) in early 

1980 and had several versions proposed by (Edijatno et al., 1999; Perrin and Michel, 2002; 

Perrin , 2002; Perrin et al., 2003; Michel et al., 2003; Oudin et al., 2005). The transformation 

from the rain into a runoff through the GR4J model by means of two reservoirs and a routing 

production, using an empirical and comparative approach (fig.I.7). It aims to ensure robust 

rainfall-runoff simulations to be reliable to use for resource management applications. 
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Figure I.7. Diagram of the structure model GR4J rainfall-runoff (Perrin et al., 2003). 

 
I.8.1.2. Model parameters 
 

 In the GR4J model, four parameters have to be optimised for yielding the best model 

results. Where the optimisation algorithms applied to calibrate the model parameters require 

knowledge of an initial parameters set, which can capable of identifying parameter values 

yielding satisfactory results. The confidence interval is approximately 90%. The four 

parameters to calibrate (tab.I.2) are described in detail by (Perrin et al., 2003): 
 

Table I.2. Value of the parameters of the GR4J model (Ficchi, 2017). 

Parameter Signification 

Theoretical 

transformation 

From ∆𝒕𝟏 [s] to ∆𝒕𝟐[s] 

90% confidence 

interval 
Unit 

X1 
Production tank capacity 𝛽 ∆𝑡2 =𝛽 ∆𝑡1  

∆𝑡1

∆𝑡2
 

1
4
 100 - 1200 mm 

X2 
Coefficient of underground 

exchanges 𝑥2 ∆𝑡2 = 𝑥2 ∆𝑡1  
∆𝑡1

∆𝑡2
 

−
1
8
 -5 - 3 - 

X3 Routing tank capacity 𝑥3 ∆𝑡2 = 𝑥3 ∆𝑡1  
∆𝑡1

∆𝑡2
 

1
4
 20 - 300 mm 

X4 
Basic time of the unit 

hydrograph 
𝑥4 ∆𝑡2 =𝑥4 ∆𝑡1  

∆𝑡1
∆𝑡2

 
 1.1 - 2.9 j 
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I.8.1.3. Mathematical Description 

 The discrete equations of the GR4J model derive from the integration of the 

continuous equations over a time step ∆t and are expressed in mm. In the following, the 

equations of different functions of GR4J: 

 First, the determination of the evaporation from intercepted water (𝐸𝑖) through a 

neutralisation function of the precipitation P by the potential evapotranspiration E to 

determine either a net rainfall Pn or a net evapotranspiration capacity En. 

 

      𝐸𝑖 = 𝑚𝑖𝑛 𝑃, 𝐸                        Eq.I.6 

      𝑃𝑛 = 𝑃 − 𝐸𝑖                               Eq.I.7 

      𝐸𝑛=𝐸 − 𝐸𝑖                                  Eq.I.8 

if P≥E then, En 

if P≤ 𝐸 then, Pn 

 The production store is filled by part Ps of the net rainfall which the part of it 

infiltrating in the soil moisture accounting store, the remaining part passes the production 

store and reaches directly the routing part of the model. And Es is the actual rate of 

evaporation of water in the tank. The two functions of Ps and Es are determined as: 

  𝑃𝑠 =
𝑥1  1− 

𝑆

𝑥1
 

2
 tanh  

𝑃1
𝑥1

 

1+
𝑆

𝑥1
tanh  

𝑃1
𝑥1

 
            Eq.I.9 

  𝐸𝑠 =
𝑆 2−

𝑆

𝑥1
 tanh  

𝐸1
𝑥1

 

1+ 1−
𝑆

𝑥1
 tanh  

𝐸1
𝑥1

 
                    Eq.I.10 

  

 Where S [mm] is the level of the production store at the beginning of the time step, 

and is updated with: 𝑆 = 𝑆𝑘 − 𝐸𝑆+𝑃𝑆;  x1 is the maximum capacity of the production store. 

The rating curves obtained with equations of (PS) and (ES) is shown in Figure I.8.  
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Figure I.8. Illustration of the behavior of the production functions (Es/En : solid line; Ps/Pn : 

dashed line) as a function of storage rate S/x1 for different values of En/x1 or Pn/x1 (Perrin et 

al., 2003). 
 

The percolation leakage 𝑃𝑒𝑟𝑐 is removed from the production store. It is calculated as: 

                                           𝑃𝑒𝑟𝑐 = 𝑆  1 −  1 +  
4 𝑆

 9 𝑥1
 

4

 
−

1

4

                 Eq.I.11 

The amount of water is divided into two parts and is expressed by the function, 𝑃𝑟 = 𝑃𝑒𝑟𝑐 + 

(𝑃𝑛 − 𝑃𝑠): 

- 90% of 𝑃𝑟 is routed by a unit hydrograph (UH1), it denoted HU1 and a routing tank.  

- 10% of 𝑃𝑟 is routed only by a single unit hydrograph (UH2). 

The ordinates of the unit hydrographs are determined as: 

                                                   UH1(j)=SH1(j)-SH1(j-1)                    Eq.I.12 

                                                   UH2(j)=SH2(j)-SH2(j-1)                    Eq.I.13 

The ordinates of the unit hydrographs are derived from the corresponding S-curves (SH1 and 

SH2). These curves are calculated as: 

For 0 ≤ 𝑡 ≤ 𝑥4 :                               SH1(t)= 
𝑡

𝑥4
 

5

2
                                Eq.I.14 

For 0 < 𝑡 ≤ 𝑥4 :                              SH2(t)= 
1

2
 

𝑡

𝑥4
 

5

2
                             Eq.I.15 
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For 𝑥4 ≤ 𝑡 ≤ 2𝑥4 :                         SH2 (t) =1- 
1

2
 2 −

𝑡

𝑥4
 

5

2
                  Eq.I.16 

 

 Where j is an integer between 1 and the maximum number of ordinates, n and m, for 

UH1 and UH2, respectively. If 0:5 ≤ x4 ≤ 1; UH1 has a single ordinate equal to one and 

UH2 has only two ordinates. Figure I.9 shows an example of unit hydrograph ordinates for x4 

= 3:8 days. 

 
 

 
 

  Figure I.9. Example of the ordinates of UH1 and UH2 for parameter x4 ¼ 3:8 days 

 (Perrin et al., 2003). 

 
A groundwater exchange is highlighted by F which is determined by: 

                                                    𝐹 = 𝑥2  
𝑅

𝑥3
 

3.5

. ∆𝑡                    Eq.I.17 

Where R [mm] is the level in the routing store at the beginning of the time step. 

The outflow from the routing store gives the first flow component 𝑄𝑟, and is calculated as: 

                                               𝑄𝑟 = 𝑅  1 −  1 +  
𝑅

𝑥3
 

4

 

1

4

            Eq.I.18 

Qr is always lower than R; as shown in Figure I.10. 

 

The hydrograph UH2 output provides the direct flow component 𝑄𝑑, and it calculated as: 

                                             𝑄𝑑 = 𝑚𝑎𝑥 0; 𝑄1 + 𝐹                      Eq.I.19 
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The total streamflow is the sum of the two flow components (𝑄𝑟 + 𝑄𝑑) ( Ficchi, 2017). 

 

 

 

 

Figure I.10. Illustration of the outflow Qr from the routing reservoir as a function of the level 

in the store after the introduction of input Q9 (Perrin et al., 2003). 
 

I.8.1.4. Calibration and validation 

 The calibration performance is based on choosing best sets of model parameters 

which has better response at the outlet (Madsen et al., 2002), where their numerical values 

are adjusting manually or automatically within a range of selected values on based the 

knowledge of the hydrology in the respective area, literature values or measurements 

(Fischer, 2013; Xu, 2002). Which is leading to an optimal match between modeled variables 

and concurrent observations, with the estimation of the error between this two variables 

(Legates and McCabe, 1999). In the beginning of the calibration, One year for model warm-

up can be used (Chiew and McMahon, 1994). The evaluation of the calibration is done by the 

validation process by checking the reproducibility of the results by the calibrated parameters, 

with new data set not used for the calibration phase of the same basin. The validation of 

models is also based on some statistical evaluation criteria (Nash and Barsi, 1983) such as the 

Nash-Sutcliffe, r
2
, and bilan. The application of hydrologic model can be successful depends 

on better performance of the both calibration and the validation (Kumar, 2011). 

I.8.2.The HBV light model 

I.8.2.1. Introduction 

 The HBV-model (Hydrologiska Byrans Vattenbalansavdelning)(Bergström, 1976; 

Linde, 2008) has several versions, the developed version was at Uppsala University in 1993 

and has become widely used in education at several universities and for many researches 

(Konz & Seibert, 2010;Seibert &Beven, 2009; Steele-Dunne et al., 2008; Seibert &Marc, 
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2012), The newest version of HBV light was reprogrammed in collaboration with M. Vis 

(2010) to transfer the software from the programming language VB6 to VB.NET (Seibert und 

Vis, 2012).  HBV light model is a lumped conceptual rainfall-runoff model and was 

developed by the SMHI (Swedish Meteorological and Hydrological Institute) in 1972. It has 

become widely used for runoff simulations in such different climatic conditions as for 

example Sweden (Bergström, 1990, 1992). Moreover, the model has been applied in more 

than 30 countries all over the world such as (Normand et al., 1970; Seibert, 2005; Grillakis et 

al., 2010; Masih et al., 2010; Dakhlaoui et al., 2012; Nauditt et al., 2017; Reynolds et 

al.,2017; Reynolds et al.,2017). This model is normally run with input data on daily values of 

rainfall and air temperature, and daily or monthly estimates of potential 

evapotranspirataion (Seibert, 2002). The HBV light version 2.0 which is used in the current 

research provides two options, the first one is the possibility to include observed groundwater 

levels into the analysis and the second is the possibility to use a different response routine 

with a delay parameter. As shown in (fig.I.11), the model can be distinguished as four 

components: snow, soil, groundwater (or response) and routing routine. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure I.11. Schematic structure of the HBV model (Seibert, 2005). 
 

I.8.2.2. Mathematical Description 

The model consists of different routines as follow:  

 

 The snow routine snow accumulation and snowmelt are computed by a degree-day 

method and  it was calculated as: 

 

 meltwater = CFMAX (T-TT) (mm day-1)           Eq.I.20 

 

 Where CFMAX is degree-day factor (mm 
o
C-1 day-1), TT is threshold temperature 

(
o
C). CFMAX varies normally between 1.5 and 4 mm 

o
C-1 day-1 (in Sweden), and between 2 

and 3.5 in forested and open landscape respectively (fig.I.12). 
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Figure I.12. Example of simulations with different values for CFMAX and TT (Seibert, 

2005). 

 
 

 The soil routine groundwater recharge and actual evaporation are simulated as 

functions of actual water storage (fig.I.13), and explained as: 
 

 

   
𝑟𝑒𝑐 𝑎𝑟𝑔𝑒

𝑃
=  

𝑆𝑆𝑚

𝐹𝐶
 

𝐵𝐸𝑇𝐴
                     Eq.I.21 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure I.13. Soil routine: Left: Reduction of potential evapotranspiration depending on soil 

moisture storage. Right: Contribution from rainfall to soil moisture storage and groundwater 

recharge. Response routine (Seibert, 2005). 

 
 Where FC is maximum soil moisture storage (mm), LP is soil moisture value above 

which ETact reaches ETpot (mm), and BETA is parameter that determines the relative 

contribution to runoff from rain or snowmelt. 

 

 The response (or groundwater) routine, runoff is computed as a function of water 

storage.  And the simple description of a function is as follow: 

 

Q(t ) = k . S(t )                      Eq.I.22 
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S is storage (mm), Q is outflow (mm day-1), t is time (day), k is storage (or recession) 

coefficient (day-1) (fig.I.14). 
 

 
 

 

Figure I.14. Response function (Seibert, 2005). 
 

 

 The routing routine a triangular weighting function is used to simulate the routing of the 

runoff to the catchment outlet. And it is defined by the parameter MAXBAS to give the 

simulated runoff Q Sim (t) [mm d-1], where QGW is groundwater runoff (fig.I.15): 

 
 

    

 𝑄𝑆𝑖𝑚  𝑡 =  𝐶𝑖𝑄𝐺𝑊 𝑡 − 𝑖 − 1 𝑀𝐴𝑋𝐵𝐴𝑆
𝑖

 

𝑂𝑢

𝐶 𝑖 =  
2

𝑀𝐴𝑋𝐵𝐴𝑆

𝑖

𝑖−1
−  𝑢 −

𝑀𝐴𝑋𝐵𝐴𝑆

2
 

4

𝑀𝐴𝑋𝐵𝐴𝑆 2  𝑑𝑢

             Eq.I.23 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure I.15. Routing routine (Example of runoff transformation with MAXBAS=5)(Seibert, 

2005). 

 
 HBV light uses one year of warm-up period which is sufficient for evolving from 

standard initial values to their appropriate values according to meteorological conditions and 

parameter values(Seibert and Vis, 2012; Bouguerne, 2017, Seibert, 2005). 
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 They are various of fundamental parameters in the HBV model, which are threshold 

temperature TT, maximum soil moisture storage capacity (FC ), evapotranspiration limitation 

(LP), snowfall correction factor (SFCF ), Meltwater and rainfall is retained within the 

snowpack until it exceeds a certain fraction(CWH), threshold value (UZL), the velocity of 

water flowing up through the soil due to capillarity force (CFLUX ), the velocity of water 

flowing down due to the natural percolation process (PERC ), the coefficient for subsurface 

discharge (Kf), the coefficient for groundwater discharge (K4), the power coefficient for sub-

surface discharge (a), and the power coefficient for recharge and percolation (b), If different 

elevation zones are used the changes precipitation and temperature with elevation are 

calculated using the two parameters (PCALT) and (TCALT), and a correction factor(CET), 

and for the parameter(MAXBAS), which is transformed the runoff to give the simulated 

runoff by a triangular weighting function. These parameter are useful due to their physical 

based (Rusli et al., 2015, Seibert, 2005). The general water balance is described as in 

Equation I.24: 

 

                         𝑃 − 𝐸 − 𝑄 =
𝑑

𝑑𝑡
 𝑆𝑃 + 𝑆𝑀 + 𝑈𝑍 + 𝐿𝑍 + 𝐿𝑎𝑘𝑒𝑠          Eq.I.24 

 

Where; P = precipitation, E = evapotranspiration, Q = runoff, SP = snow pack, SM = soil 

moisture, UZ= upper groundwater zone, LZ =lower groundwater zone, Lakes = lake volume 

(Wilk et al., 2001). 
 

The variables in the soil box are calculated with the following equations: 
 

                              𝐸𝐴 =
𝑆𝑀

𝐿𝑃
 𝐸𝑃                                       Eq.I.25 

                           𝑅 = 𝑃
𝑆𝑀0

𝛽

𝐹𝐶
                                              Eq.I.26 

                  𝐶𝐹 = 𝐶𝐹𝐿𝑈𝑋
𝐹𝐶−𝑆𝑀

𝐹𝐶
                                      Eq.I.27 

                      𝑆𝑀 = 𝑆𝑀0 + 𝑃 + 𝐸𝐴 + 𝐹𝐶                       Eq.I.28 

 

 Where EA is the actual evapotranspiration (mm), EP is the potential 

evapotranspiration (mm). 
 

The upper response box equations are calculated as follows: 
 
 

                   𝑃𝐶 = 𝑃𝐸𝑅𝐶
𝑆𝑀𝛽

𝐹𝐶
                                           Eq.I.29 

 

                 𝑄𝑢𝑧  = 𝐾𝑓𝑢𝑧
𝛼+1                                                Eq.I.30 

 

              𝑢𝑧  = 𝑢𝑧0 + 𝑅 − 𝐶𝐹 − 𝑃𝐶 + 𝑄𝑢𝑧                    Eq.I.31 

 
 Where R is recharge from the soil box, CF is capillarity (output) to the soil box, huz0 

is an initial water depth, PC is percolation of the outflows from the upper response box, Quz 

is sub-surface discharge of the lower response box, where huz is the water depth in the upper 

layer. 
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The formulas involved in the lower response box are as follows: 

 

                 𝑄𝑙𝑧 = 𝐾 4𝑙𝑧                                                     Eq.I.32 

  

            𝑙𝑧 = 𝑙𝑧0 + 𝑃𝐶 − 𝑄𝑙𝑧                                          Eq.I.33 
 

            𝑄𝑡 = 𝑄𝑢𝑧 + 𝑄𝑙𝑧                                                     Eq.I.34 

 

Where Qlz Groundwater discharges, Qt is total flowat the basin outlet (Rusli et al., 2015). 

I.8.2.3. Parameters of the HBV light model 

The tables I.3, I.4  show the parameters and their ranges used for sensitivity analysis and 

calibration as follow. 

Table I.3. Catchment parameters (Rusli et al., 2015). 

Name Unit 
Valid 

range 
Description 

PERC mm/d [0,inf) Threshold setting 

Alpha - [0,inf) Coefficient of non-linearity 

UZL mm [0,inf) Threshold setting 

K0 1/d [0,1) Storage (or recession) coefficient 0 

K1 1/d [0,1) Storage (or recession) coefficient 1 

K2 1/d [0,1) Storage (or recession) coefficient 2 

MAXBAS Δt [1,100] Triangular function weighting length 

Cet 1/°C [0,1] Potential correction factor for evaporation 

PCALT %/100m (-inf,inf) Changes in precipitation with altitude Variables 

TCALT °C/100m (-inf,inf) Variation of temperature with altitude Variables 

Pelev m (-inf,inf) Elevation of precipitation data in PTQ files 

Telev m (-inf,inf) Elevation of temperature data in PTQ files 

PART - [0,1] 
Part of the recharge that is added to the groundwater 

box 

DELAY d [0,inf) Period of time during which the recharge is distributed 
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Table I.4. Vegetation parameters (Rusli et al., 2015). 

Name Unit Valid 

range 

Description 

TT °C (inf,inf) Threshold temperature 

CFMAX mm/d°C [0,inf) Degree factor-Δt 

SFCF - [0,inf) Snowfall correction factor 

CFR - [0,inf) Freeze coefficient 

CWH - [0,inf) Water retention capacity 

CFGlacier - [0,inf) Glacier correction factor 

CFSlope - (0,inf) Slope correction factor 

FC mm (0, inf) Maximum soil storage humidity 

LP - [0,1] Soil moisture value above which AET reaches PET 

BETA - (0,inf) parameter which determines the contribution relative to 

runoff from rain or snowmelt 

 

 The goal of the HBV model is to provide an easy to use and educational tool to for 

research purposes and hydrological problems (Seibert, 2005) such as compute hydrological 

forecasts, for the computation of design floods or for climate change studies. 

I.8.2.4. Calibration and validation 

 The calibration of the HBV model is usually done manually by adjusting the values of 

the model parameters: The selection of the model parameters is based on the approaching the 

hydrological behavior of the basin by the model simulation, through achieving the best 

possible agreement between the calculated flow and observed flow, which is  based on 

different criteria like visual inspection of plots with QSim (simulated flow) and QObs (observed 

flow) and appraise the adjustment (the Nash-Sutcliffe efficiency coefficient (NSE), 

Coefficient of determination).Validation of model is confirmation of the goodness-of-fit of 

the model, which is basically a test of model performance with calibrated parameters for an 

independent time period (Rusli et al., 2015; Seibert, 2005). 
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II.1. Introduction 
 

 Hydrology deals with the occurrence, movement, and storage of water in the earth 

system, where the rainfall plays important role in alimentary rivers and groundwater, and it is 

transported through other processes, such as the atmosphere, land surface, and the subsurface, 

and part somewhat is temporarily stored in soil, vegetation cover, lakes, and oceans. 
  
Hydrology uses physical sciences (meteorology, physics of the globe), natural sciences 

(geology, geomorphology), mathematics (statistics, operational calculation, computer 

science) and technology (measuring device, remote sensing) for understanding the complex 

processes involved and estimating the quantity and quality of water in the various phases and 

stores. Where the hydrology studies are important science for researchers in the exploitation 

and control of natural waters or for any implementation of any development or hydraulic 

projects. The response of a basin is based on several factors such as geology, topography, and 

land use. For this purpose, in this chapter, we present a comprehensive view of the 

geography, geology, hydrogeology, and the main physical characteristics of the five sub 

basins of the Tafna basin. 

 
II.2. Presentation of the study area 

 

II.2.1. Tafna basin 

 

 The Tafna basin is a transboundary basin covering an area of 7245 km
2
. The biggest 

part of its area is located in the Northwest of the Algerian territory (Wilaya of Tlemcen) and 

the upper part on the territory of Morocco. According to the new structure of Hydro 

geological units in Algeria, the Tafna basin belongs to the entire Oranie-Chott-Chergui 

(Bouanani, 2004). It bears the code 16 of the 17 basins of Algeria (fig.II.1). 
 

 It extends between 1°to 2°west longitude and 34° 5‟ to 35°3‟ north latitude (Bouanani, 

2004) and consists of eight sub basins in which two are located upstream in the Moroccan 

territory (2007 km
2
 which is around 27.7% of the total area) (Ketrouci et al., 2012). The 

Tafna basin features a very rugged terrain with an average altitude of 780 m above the mean 

sea level (a.m.s.l.) and a maximum altitude exceeding 1800 m (a.m.s.l.). 
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Figure II.1. Geographical location of the Tafna basin:(a) Large Northern basins in Algeria, 

(b) Tafna basin(Mekhloufi, 2014; Benhadji  et al., 2020). 
 

II.2.2. Geomorphologic context  

 The Tafna basin is delimited in the South by the main relief of the Tlemcen 

Mountains which characterized by an abrupt relief with slopes greater than 25%, and in the 

North by the Mediterranean Sea and the high Oran plains and valley, and to the West by the 

Moroccan Middle Atlas,Traras mountains, and Plain of Maghnia, While in the East by the 

plain of Sidi Bel Abbes. 

The Geomorphologic maps of the Tafna basin are taken from the Hydrographic basin agency 

of Oran (ABH) (Map N° 07) at scale 1 / 500 000 (fig.II.2). This study is based on research 

carried out by Bouanani (2004) and Adjim (2004):  

a) 

b) 
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II.2.2.1. Mountainous areas  

 The Tafna is occupied in its center by plains and depressions and is surrounded in the 

north, south, and north west by mountainous areas. These areas are represented by: 

- The Traras Mountains: it is a coastal mountain range located in the northwest of the basin 

with area around 1250 km². This area is characterized by steep slopes, and they correspond to 

the series of ridges in a NE-SW direction, its average altitude varies from 500 to 1000 m with 

height level at Djebel Fillaoucène which is characterized by the forest cover. This mountains 

area constitutes a barrier between the basin and the sea. 

- The mountains of Tlemcen: it is a mountain range located in the southern border of basin 

with area of 3000 km² to extend west of Moroccan and east to the Tessala Mountains (Sidi 

Bel Abbes). They have a very rugged relief with steep slopes and its average altitude varies 

between 1200 and 1500 m with the culminate at 1843 m in Djebel Tenouchfi. It is relatively 

well watered with rainfall varying from 500 to 700 mm / year. 

- The Sebâa Chioukh Mountains: This is mountain range located in the Northeast of the basin 

with area 250 km
2 

with an average altitude of between 600 and 800 m. It forms the extension 

of the east side of the Traras Mountains; its reliefs have slopes exceeding 25%. 

II.2.2.2. The plains and plateaus areas 

 The interior plains and plateaus occupy the central part of the basin, surrounded by 

mountainous areas. We distinguish: 

- The Maghnia plain: It is limited in the north and northeast by the Traras Mountains and the 

south by the Tlemcen mountains, while in the west by a natural extension of the plain of the 

Angad (Morocco), which is largely covered with very fertile silts. The soils of the plain are 

limited in depth by limestone crusts. 

- The Hennaya plain: it is bounded to the south by the northern foothills of Tlemcen and to 

the north by the Zenata plateau; its deposits are formed from recent alluvium.  

- Zenata - Ouled Riah plateau: it is located northwest of the Hennaya Plain. It consists of red 

Mediterranean soils resting on crusts or sometimes on the limestone shell; the texture of the 

soil is clayey-silty.  

- Sidi Abdelli - Ain Nahala plateau: it is made up of brown limestone soils containing clay, 

and it is located on the right bank of the Oued Isser north of Ouled Mimoun. In the summer, 

the structure of the soil experiences an elevation of large cracks due to the variation in  

humidity. 
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Figure II.2. Geomorphologic context of the Tafna basin (ABH, 2006). 

II.2.3. Geology  

          The Tafna basin is characterized by two large plains which are the plain of Maghnia in 

the west and those of the Ghossels in the east surrounded by high mountains, such as the 

Traras massif including the Fillaoucène chain, and the Tlemcen mountains, which its western 

part is occupied by the Rhar Roubane mountains, and it is crossed between the aquifers in 

north, and the high Oran plains in the south. 

The basin is characterized by a very complex geology and great tectonics, which is evaluated 

from Primary to Plio-Quaternary (Bouanani, 2004). 

a) The primary: the land in this section is characterized by the presence of a schisto-quartzite 

formation of Silurian to Devonian age, which appear in the basin of the Oued Mouilah at 

Ghar-Roubane Mountains to the west and the Fellaoucene to the east. 

b) The secondary: It is occupying a large part of the basin and the Tlemcen Mountains. The 

lithostratigraphic series is represented by: 

Trias: it is located mainly north of Aïn Tellout and at Beni Bahdel and to the east in the Oued 

Mouilah basin. 

Jurassic: it is composed of the lower and middle Jurassic and which appear in Ghar-Roubane. 

The Upper Jurassic is represented by the limestones of Zarifet and Lato, the dolomites of 

Tlemcen and Terny and finally the marl-limestones of Ouled Mimoun, Raourai and Hariga; 

Cretaceous: the Lower Cretaceous series is forming the clays of Ouled Mimoun and Sebdou, 

the clays of Lamoricière and the sandstones of Berthelot. 
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c) The Tertiary sector: It comprises: 

Eocene: this formation is composed by the siliceous sandstones, yellow to reddish with 

greenish clay marls and occupying the valley of the Isser, near the confluence with the Oued 

Tafna in the Sebâa Chioukh massif.  

The lower Miocene: it is composed of very resistant dolomitic limestone elements with 

calcareous-sandstone cement. The formation is located between the valley of the Oued 

Zitoune and the Djebel Fellaoucène. 

Middle Miocene: It consists essentially of a thick series of gray or bluish marly clays, well 

represented at 4 km east of Hammam Boughrara. 

Upper Miocene: the formation is located between Tlemcen and Remchi, in the Sikkak basin, 

and in the north and south of the Maghnia plain in the Mouilah basin. It consists by deposits 

of hard sandstone, golden yellow or lemon, poorly consolidated. 

d) The Plio-Quaternary: This series is a complex and consists discontinuous deposits formed 

from heterometric and heterogeneous elements, represented by villafranchian travertines 

located in the Tlemcen mountains, and the silts, sands and gravels which extend between 

wadi Mehaguène and Chaâbet El Arneb in the North East of the Algerian-Moroccan border, 

while marl with little or no pebbles is appear in the wadi Mouilah basin, and old alluvium 

from greenish alluvial marls to pebbles is exist in the main valleys of the basin (Bouanani, 

2004). The Geology maps of the Tafna basin (fig.II.3) is taken from National Agency of 

Hydraulic Resources (ANRH) (2
nd

 edition) at scale 1 / 500 00 and Bouanani thesis, 2004. 

 

 

 

 

Figure II.3. Geological context of the Tafna basin. 
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II.2.4. Hydrographic network 

 The Tafna hydrographic network is characterized by a large set of valley and 

Permanent or temporary wadi (fig.II.4). 

Overall, the geomorphologic of the Tafna basin is subdivided into three main parts: 

   - Eastern part with as main tributaries the valley of Isser and valley of Sikkak, 

   - Western part including the upper Tafna (wadi Sebdou and wadi Khemis) and wadi 

Mouilah, 

- Northern part which begins at the village of Tafna and continues until its outlet at 

Rechgoune. The Boukiou, Boumessaoud and Zitoun valleys are the main tributaries of this 

part. 

The plains of the Tafna basin extend to the piedmont of the Tlemcen mountains in front of 

the Traras and Tessala massifs; they are surrounded by massifs with high reliefs forming a 

regular edifice consisting mainly by Mesozoic and Cenozoic formations. 

The Traras Mountains in the North West constitutes a barrier between the basin and the sea, 

they correspond to a series of NE - SW direction ridges culminating at 1136 m at Jebel 

Fillaoucène. 

The main stream of the Tafna measuring 170 km has its source in the Tlemcen mountains 

(Sebdou region). 

Geomorphologically the Tafna basin can be subdivided into three parts:  

The Upper Tafna: (western part) includes wadi Sebdou, wadi Khemis and wadi Mouilah. 

The middle Tafna: (eastern part) including the main tributaries wadi Isser and wadi Sikkak. 

The lower Tafna: it started from the village of Tafna and extends to the outlet of the Tafna 

on the sea (Rechgoune beach). The Boukiou, Boumessaoud and Zitoun wadis are the the 

important tributaries of this part. 

 

 

 

 

 

 

 

 

Figure II.4. Hydrographic network of The Tafna basin. 
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II.2.5. Altitude, dams, and Hydro- climate stations 

 The topography of Tafna basin is described by modeling the altitude through the 

processing of the digital terrestrial model (MNT) with an accuracy of 30 m in ArcGIS and 

obtaining a map of the altitude with variation in the western north to eastern north between 4 

to 450 m, and altitude is occupying with 680 to 1773 m in the south area.  

 The basin is characterized by a semi arid climate with two predominant seasons. A 

wet season runs from October to May with fairly irregular rains, the dry season runs from 

June to September with low rainfall. It has 27 rainfall stations distributed across the sub 

basins included in our region, and 17 Hydrometric stations (fig.II.5) (tab.II.1). 

 The Tafna basin contains five large dams in service: Beni Bahdel dam, Meffrouche 

dam, Sidi Abdelli dam, Hammam Boughrara dam, and Sikkak dam. The Souani dam reserve 

is intended to receive the excess of the Beni Bahdel dam estimated overtime at around 14 

Hm
3
. With a capacity of 13.8 Hm 

3 
(tab.II.2) (ANAT, 2000; Rouissat, 2016). 

      

  
 

 

Figure II.5. DEM, and Dams, Hydro-Climate stations in the Tafna basin. 
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Table II.1. Rainfall stations of Tafna basin. 

Code S/B Denomination Number of rainfall stations 

1603 Mehaguène valley 4 

1604 Tafna Upstream 7 

1605 Tafna Boukiou 4 

1606 Isser Cedra 8 

1607 Isser Sikkak 3 

1608 Tafna Maritime 1 

Total - 27 

 

    Table II.2. Dams of the Tafna basin (Rouissat, 2016). 

Dam Notations Valley Year of service 
Total volume 

(Hm
3
) 

Beni Bahdel 
BBB Tafna 1952 63 

Meffrouch BM El Nachef 1963 20 

Sidi Abdelli BSA Isser 1988 106 

Hammam Boughrara BHB Tafna 1999 175 

Sikkak BS Sikkak 2004 30 

Souani BRS - 1992 13.8 

Total = 394 Hm
3
 

 

Our study area consists of five sub basins belonging to part of the Tafna basin located only in 

the Algerian territory (fig.II.6). 

 

II.2.6. Presentation of Study sub basin of the Tafna basin 
 

II.2.6.1. Geographic situation 
 

 The Geographic analysis of the sub basins of the Tafna basin is taken from map of the 

National Agency of Hydraulic Resources (ANRH)  at scale 1/ 200, 000 which established by 

the National Geographical Institute, Paris, France (1961). 
 

II.2.6.1.1. Upstream Sebdou sub basin 

 

 The Upstream Sebdou sub basin is part of the upper Tafna basin which also 

considered as important source to supply  the basin (under code N° 1604, according to 

subdivision of the National Agency for Water Resources ANRH), it is limited in North by the 
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Titmokhen plateau, and to South by Djebel Lato, Si Abdellah, Maiter, Zninia, Toumiet and 

Koudiat el Harcha, and in the East, by Djebel Mazoudjène, Djebel El Ahmer, and Djebel el 

Arbi, to the West by the Azaïls plateau. It extends between the North latitude 34 ° 7 and 34 ° 

5 and the East longitude 1 ° 1 and 1° 9. At its end,  it flows into Beni Bahdel valley, taking in 

consideration the only basin controlled by hydrometric station of Sebdou. 
 

II.2.6.1.2. Khemis sub basin 

 

 The Khemis sub basin is part of the upper Tafna basin (under code N° 1604, 

according to subdivision of the National Agency for Water Resources ANRH), it extends 

between the North latitude 34 ° 7 and 34 ° 5 and the East longitude 1 °5 and 1°8. The main 

tributaries in this sub basin is Khemis wadi. It  delimited in south to East by Djebel Tenouchfi 

and Djebel Kerrouch, and in West by Djebel Tissefsafine, and in the North by Beni Bahdel 

Dam. 

 

II.2.6.1.3. Wadi Boumessaoud sub basin 
 

 Wadi Boumessaoud sub basin is located in the northernmost part of the Tafna 

between longitudes 1 ° 3 'and 1 ° 4' W, and latitudes 34 ° 8 '15' 'and 35 ° N. The sub basin is 

limited to the east by the sub-basin of the Sikkak, to the west by the Mouilah sub-basin, to the 

south by Djebel Taksempt and Djebel Tefatisset(867 m).The small valleys which fuel the sub 

basin are occupying the heights of the Terny plateau to the east of the Zarifet forest, at Djebel  

Tamesguida (1154m), and Djebel Fernane (1150m). 
 

II.2.6.1.4. Chouly sub basin 
 

 The Chouly sub basin is a part of the middle Tafna with the presence of a series of 

mountain ranges (Djebel Dar Cheich 1616 m, Djebel Tazkminet 1606m). It is located 

upstream of Isser wadi between 34 ° 49 ‟and 34 ° 7‟ N latitude and between 1 ° 1 ‟and 1 ° 3 

W longitude. It is bounded to the south west by Djebel Rhenndas, Djebel Mehalla and Djebel 

Diar Ouled Yahia, and to the north east by Djebel Boulaâdour, Djebel Beni Yahia, Djebel 

Gaât El Hakoud. 
 

II.2.6.1.5. Isser sub basin 
 

 The isser sub basin is a part of the middle Tafna between 34 ° 7 ‟and 35 ° N latitude 

and between 1 ° and 1 ° 2 W longitude. Its bounder from the south to east by Djebel Asses, 

and Djebel Bel Alatene, and in the North by Sidi Abdelli dam, whiles the west by Djebel Er 

Ramlya. 
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Figure II.6. Geographic Situations of the study area sub basins. 
 
 

II.2.6.2. Geology preview 

 

The Geology analysis of the study sub basins of the Tafna basin is based on observation of 

the geology map from National Agency of Hydraulic Resources (ANRH) (2 edition) at scale 

1 / 500,00, and the thesis of Bouanani (2004)(fig.II.7). 

II.2.6.2.1. Upstream Sebdou  

 The Tlemcen Mountains occupy a large area in this sub basin. They are constituted by 

Mesozoic and Cenozoic formations. We note the predominance of sedimentary formations. 

Where the sedimentary layers is characterized with highest percentage of average cretaceous 

with small rate of Upper Jurassic which is mainly made up of limestone marl from 

Lamoricière and sandstones from Berthelot formations occupying the south part of the basin. 

The continental Quaternary outcrops in the extreme south. 

II.2.6.2.2. Khemis 

 This area represent the end of Tlemcen mountains range  in the south western, such as 

Djebel Tissefsafine (1484 m), Djebel Maroui (1424 m), and Djebel Moudjahadine (1623 m). 

The upper and middle Jurassic appears in the region with Tlemcen dolomites constituting the 

cliffs. These are crystalline dolomites with cavities filled with calcite like that of Djebel 

Tefatisset. 
II.2.6.2.3. Wadi Boumessaoud 

 In the south of the basin, the formations of the upper and middle Jurassic emerge, 

mainly formed by carbonate rocks. 
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In the North, the Miocene formations rest in discordance on the Mesozoic formations 

represented by limestones, clays and silts.  

II.2.6.2.4. Chouly 

 The northern part of the basin is occupied by the upper Jurassic formations of the 

Tlemcen Mountains. They are represented by the limestones of Zarifet, Lato and the 

dolomites of Tlemcen. 

In the southwest, outcrops the middle Cretaceous formed mainly of clay. To the east, the 

continental Quaternary is represented by alluvial terraces. 
II.2.6.2.5. Isser 

 The upper Jurassic occupies a large part of the basin represented by the limestones of 

Zarifet and Lato, the dolomites of Tlemcen and Terny. 

The Cretaceous appears with the marl-limestones of Ouled Mimoun. While in North, the 

Villafranchien is represented by alluvium, terraces and greenish clays which occupy the Isser 

valley. 

 

   

 

 

Figure II.7. Geologic map of the study sub basins of the Tafna (ABH, 2006). 

 

II.2.6.3. Potential Aquifer 

The limestones and dolomites of the upper Jurassic are the most widesoread 

formations which occupy vast areas in the Tafna basin, offering the best properties and which 

conceal very important potential aquifers. 

Legend
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The intensity of karstification and cracks, as well as the numerous sources located at 

the extreme northwest and south of the basin, give these formations a great hydrogeological 

interest.  

The Plio-Quaternary formations which appear along the valley as well the terraces and 

limestone crusts which fill the Sebdou ditch and Sidi Aissa (Isser sub basin) show great 

aquifer capacities (fig.II.8). 

The study of the hydrogeological properties of the different formations of aquifers of the 

study sub basins defined two main types:  

- Aquifers drained by a Valley such as Chouly, and Isser Valleys.  

- Ante Miocene aquifers located in the North of the Tlemcen mountains. The karstic aquifers 

are numerous and isolated from each other by formations with low permeability (Jurassic 

sandstones and Miocene marls), they are defined at Wadi Boumessoued sub basin (Collignon, 

1986). 

 

Figure II.8. Potential aquifers of the study area sub basins (Collignon, 1986). 

 
II.2.6.4. Morphometry 

 The physical characteristics of a watershed play a significant role in understanding 

flow. 

The morphometric analysis is based on the shape, the order of the thalwegs, the relief, and the 

drainage density, the frequency of the streams, the elongation ratio, and the profile of the 

streams. 
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II.2.6.4.1. Shape characteristics 

A watershed is the area of reception of the rainfalls and of supplying the watercourse, 

the outlet flows depending thus on its surface. The surface of a watershed can be measured 

using a variety of methods: superposing a grid over the watershed map, using a planimeter or 

digitalizing methods. 

The shape characteristics make it possible to determine the physical environment of a basin 

and facilitate the comparison of several basins between them (tab.II.3). 

II.2.6.4.2. Gravelius compactness index (Kc) 

The Gravelius coefficient Kc, is defined as the relation between the perimeter of the 

watershed and that of a circle having a surface equal to that of a watershed (Roche, 1963): 

                      𝐾𝑐 = 0.28
𝑃

 𝐴
                        Eq.II.1 

Kc: Gravelius compactness index, 

P: Basin perimeter (Km), 

A: Basin area (Km
2
). 

 

II.2.6.4.3. Equivalent rectangle 

 

 The equivalent rectangle is defined as the rectangle of length (L) and width (l) which 

has the same area and the same perimeter as the basin, it allows to compare the influence of 

shape on the flow in the different basins (Roche, 1963).  

The dimensions of the equivalent rectangle are given as follow: 

 Length (L) 

 

𝑳 =
𝐾𝑐 𝐴

1.12
 1 +  1 −  

1.12

𝐾𝑐
 

2

             Eq.II.2 

 

 Width (l) 

 

 

𝑰 =
𝐾𝑐 𝐴

1.12
 1 +  1 −  

1.12

𝐾𝑐
 

2

               Eq.II.3 

 

L: Length of the rectangle (km), 

I : Width of the rectangle (km), 

Kc: Compactness coefficient. 

 

 The area of the study sub basins was measured by digitalization techniques with basin 

delineation using ASTER Global Digital Elevation Model V003 maps (N36W02W03, and 

N35W02W03). The area and perimeter of the sub basins was calculated using the ArcGis 10.  
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The values of the coefficient of compactness for Khemis, wadi Boumessaoued, and 

Chouly sub basins are between 1.4 and 1.7 showing elongated basins. On the other hand, for 

the Upstream Sebdou, and Isser wadi, Kc is greater than 1.7, so their shape is more stretched 

than the previous ones. They often present amoeboid tendency, which consequently implies a 

slower response in runoff water. 

 

           Table II.3. Shape characteristic of the study sub basins of the Tafna. 

Sub Basins Area (km
2
) Perimeter (m) KC Length (Km) 

Width (Km) 

Upstream Sebdou 439.30 
153.88 2.06 70.73 6.21 

Khemis 342.22 
104.35 1.58 44.48 7.69 

Wadi Boumessaoud 108.76 
57.16 1.53 24.06 4.52 

Chouly 176.39 
78.80 1.66 34.25 5.15 

Isser 696.10 
164.26 1.74 72.53 9.6 

 

 In order to define classes of compactness or shape, Karimou Barké et al. 2017, 

retained five values of Kc (tab.II.4): 

 

Table II.4. Classes of basin shapes according to the values of the Gravelius index (Karimou 

Barké et al., 2017). 

 
Shape Index values Definition Stylized diagram 

Circular 1 à 1.03 Basin having a circular shape 

 

Ovoid 1.03 à 1.3 Ovoid basin 
 

Amoeboid 1.3 à 1.4 

Basin characterized by an 

association of irregular, lobed, 

amoeboid looking areas, with clear 

contours very contrasted. 

 

Stretched 1.4 à 1.7 Elongated basin. 
 

Very 

stretched 

with 

amoeboid 

tendency 

> 1.7 

Basin more stretched than the 

previous ones. Often presents 

amoeboid fragments, i. e. lobed 

contours. 
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II.2.6.5. Relief 

 The relief is an essential factor on understanding the hydrological behavior of a basin. 

It influences the flow velocity, the infiltration and the evaporation, where many hydrological 

variables change with altitude (Gherissi, 2018). The relief of the Tafna sub basins is 

determined by different characteristics. 

II.2.6.5.1. Distribution and hypsometric curve 

Hypsometric analysis is the study of distribution of the cross-sectional areas of ground 

surface with respect to its elevations (Strahler, 1952), and it is used to characterize the 

erosional landforms at their different stages of erosion (Schumn, 1956).  

The hypsometric curve allows indicating the stage of erosional cycle for landforms in 

a watershed where the convex upward hypsometric curve reflects a young basin, S-shaped 

curve for mature basin and concave upward curve for peneplains (Strahler, 1952).  

The curve is presents the distribution of the cumulative area (%) based on the distribution by 

altitude ranges, thus defining the percentage of the area which represents a certain altitude for 

each of the sub basins. (tab.II.5, II.6, II.7, II.8, II.9).  

Table II.5.  Altimetric distribution of the Upstream Sebdou sub basin. 

Altitude Partial Areas Cumulative areas 

(m) (km
2
) (%) (km

2
) (%) 

1616-1600 0.01 0.002 0.01 0.002 

1600-1500 1.11 0.25 1.12 0.25 

1500-1400 8.32 1.89 9.44 2.15 

1400-1300 39.64 9.02 49.08 11.17 

1300-1200 67.59 15.39 116.67 26.56 

1200-1100 124.23 28.28 240.9 54.83 

1100-1000 127.38 28.99 368.28 83.83 

1000-900 67.8 15.43 436.08 99.26 

900-852 3.24 0.74 439.32 100 

Table II.6. Altimetric distribution of the Khemis sub basin. 

Altitude Partial Areas Cumulative areas 

(m) (km
2
) (%) (km

2
) (%) 

1773-1700 0.12 0.04 0.12 0.04 

1700-1600 8.3 2.42 8.42 2.46 

1600-1500 28.87 8.43 37.29 10.89 

1500-1400 80.85 23.62 118.14 34.51 

1400-1300 107.15 31.3 225.29 65.81 

1300-1200 53.23 15.55 278.52 81.36 

https://link.springer.com/article/10.1007/s13201-020-01243-x#ref-CR34
https://link.springer.com/article/10.1007/s13201-020-01243-x#ref-CR30
https://link.springer.com/article/10.1007/s13201-020-01243-x#ref-CR34
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Table II.7. Altimetric distribution of the Wadi Boumessaoud sub basin. 

Altitude Partial Areas Cumulative areas 

(m) (km
2
) (%) (km

2
) (%) 

1265-1200 2.22 2.04 2.22 2.04 

1200-1100 6 5.52 8.22 7.56 

1100-1000 5.43 4.99 13.65 12.55 

900-1000 4.59 4.22 18.24 16.77 

900-800 13.58 12.48 31.82 29.25 

800-700 19.58 18 51.4 47.25 

700-600 10.32 9.49 61.72 56.74 

600-500 9.28 8.53 71 65.27 

500-400 15.13 13.91 86.13 79.18 

400-300 18.34 16.86 104.47 96.04 

300-212 4.31 3.96 108.78 100 

Table II.8. Altimetric distribution of the Chouly sub basin. 

Altitude Partial Areas Cumulative areas 

(m) (km2) (%) (km
2
) (%) 

1623-1600 0.1 0.06 0.1 0.06 

1600-1500 4.58 2.6 4.68 2.65 

1500-1400 22.06 12.51 26.74 15.16 

1400-1300 57.52 32.61 84.26 47.77 

1300-1200 34.62 19.63 118.88 67.4 

1200-1100 22.33 12.66 141.21 80.06 

1100-1000 14.61 8.28 155.82 88.35 

1000-900 9.11 5.17 164.93 93.51 

900-800 7.86 4.46 172.79 97.97 

800-713 3.58 2.03 176.37 100 

 

 

1200-1100 20.29 5.93 298.81 87.29 

1100-1000 13.26 3.87 312.07 91.17 

1000-900 11.22 3.28 323.29 94.44 

900-800 11.12 3.25 334.41 97.69 

800-700 6.7 1.96 341.11 99.65 

700-654 1.2 0.35 342.31 100 
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Table II.9. Altimetric distribution of the Isser  sub basin. 

Altitude Partial Areas Cumulative areas 

(m) (km
2
) (%) (km

2
) (%) 

1623-1600 0.15 0.02 0.15 0.02 

1600-1500 2.51 0.36 2.66 0.38 

1500-1400 8.25 1.19 10.91 1.57 

1400-1300 23.32 3.35 34.23 4.92 

1300-1200 45.32 6.51 79.55 11.43 

1200-1100 66.8 9.6 146.35 21.03 

1100-1000 75.92 10.91 222.27 31.93 

1000-900 87.75 12.61 310.02 44.54 

900-800 80.74 11.6 390.76 56.14 

800-700 91.3 13.12 482.06 69.25 

700-600 121.93 17.52 603.99 86.77 

600-500 67.48 9.69 671.47 96.47 

500-400 23.46 3.37 694.93 99.84 

400-359 1.14 0.16 696.07 100 

 

 The hypsometric curves (fig.II.9) of the Upstream Sebdou, and Isser basins show 

clearly  steep slopes upstream (towards high altitudes) indicating the presence of a plateau 

surrounded by mountainous reliefs.  

While for, Khemis, and Chouly basins we note that the high altitudes occupy large areas and 

the slopes are more accentuated downstream of the two basins.  

As for, Wadi Boumessaoud, the low altitude dominate indicating the presence of a deep 

valley (212 m). 
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Figure II.9. Hypsometric curves of the study sub basins. 

 

 The hight altitudes observed upstream in all the basins vary between 1265 m (Wadi 

Boumessaoud) (Djebel Tefatisset) to 1773 m for wadi Khemis represented by a series of 

mountains (Djebel Toumziyet, Djebel Moudjahadine, Djebel Mderba, and Djebel Tenouchfi), 

while the low altitudes are defined in the downstream part an vary between 212 m (Wadi 

Boumessoud) and 852 m (Upstream from Sebdou city). 

The altitudes ranges in the sub-basins are between (852-1616) for wadi Sebdou, (654-1773) 

for wadi Khemis and (713-1623) for wadi Chouly. The difference between the maximum and 

minimum altitudes varies between 764 to 1119 m. The analysis shows that the valleys of 

these sub basins belong to fairly high relief. 

II.2.6.5.2. Characteristic altitudes 

 Maximum and minimum altitudes 

  The analysis of figure II.10 makes it possible to see the maximum and minimum of 

the Study sub-basins. We can also identify the characteristics altitudes from the preceding 

hypsometric curves. 
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Figure II.10. Altimetric maps of the study sub basins. 
 

 Average altitude 

The average altitude is determined from the formula as follow: 

    𝐻𝐴𝑣𝑒𝑟𝑎𝑔𝑒 =
 𝐻𝑖𝐴𝑖

𝑛
𝑖=1

𝐴𝑇
                  Eq.II.4 

Average: Average altitude of the sub basin (m), 

AT: Total area of the sub basin (Km²), 

Ai: Area between the two heights Hi and Hi + 1 (Km²), 
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Hi and Hi + 1: Altitudes of two alternating contour lines (m). 

 

 Median, 5%, and 95% of area altitude (H50%, H5%, H95%)  

 The hypsometric curve allows us to derive the altitudes which corresponding 5, 50, 95 

% of the total surface of the sub basins. 

The results of the characteristic altitudes of sub basins are presented in the table II.10 as 

following: 

Table II.10. Results of the characteristic altitudes of the Study sub basins. 

Sub basins HMax H Min Haverage H5% H50% H95% 

Upstream Sebdou 1616 852 1128.25 1460 1210 1020 

Khemis 1773 654 1315.41 1660 1450 980 

Wadi Boumessaoud 1265 212 637.37 1230 770 370 

Chouly 1623 713 1243.06 1580 1380 960 

Isser 1623 359 874.32 1390 950 610 

 

II.2.6.5.3. Slope indices 

 The slope indices make it possible, as for certain geometric characteristics, to compare 

the basin with each other.  

 Roche slope index (Ip) 

 The slope index Ip also defined by (Roche, 1963) from the equivalent rectangle. It is 

expressed as a percentage: 

                 𝐼𝑃 =
1

 𝐿
  𝐴𝑖 𝐻𝑖−𝐻𝑖−1 𝑛

𝑛=1                   Eq.II.5 

 

Ip: Roche slope index, 

Ai: Fraction of the total surface between the altitudes Hi and Hi-1 (%), 

L: Length of the equivalent rectangle (m), 

Hi and Hi-1: Difference in height between two neighboring curves (m). 
 
 

 Global slope index (Ig) 

 

This slope index is the ratio of the difference between the altitude of 5%, 95% of the 

percentage surface cumulative (D) over the length of the equivalent rectangle (Dubreuil, 

1966). The formula is as follow:  

                      𝐼𝑔 =
𝐻5%−𝐻95%

𝐿
=

𝐷

𝐿
                              Eq.II.6 

 

Ig: Global slope index, 

D: Height difference (m): H5%, H95% (H5% and H95% are the altitudes between which 

90%of the surface) (m), 

L: Length of the equivalent rectangle (m). 
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The Overseas Scientific and Technical Research Organization (O.R.S.T.O.M.) provided a 

first classification of the relief based on the global slope index (Ig). It is represented in table 

II.11: 
 

Table II.11. Classification of reliefs according to Ig by O.R.S.T.O.M. 

Type of relief Ig (m/km) 

Very low relief Ig < 0.002  

Low relief  0.002 < Ig < 0.005 

Fairly low relief 0.005 < Ig < 0.01 

Moderate relief 0.01 < Ig < 0.02 

Fairly strong relief 0.02 < Ig < 0.05 

strong relief 0.05 < Ig < 0.5 

Very strong relief 0.5 < Ig 

 
 

 Average slope index (Im) 

It is defined by the formula as follow: 

𝐼𝑚 =
𝐻𝑚𝑎𝑥 −𝐻𝑚𝑖𝑛

𝐿
                                        Eq.II.7 

Im: Average slope index, 

HMax and HMin: Maximum and minimum altitude of the sub basin (m), 

L: Length of the equivalent rectangle (m). 

 

 Specific height difference (Ds) 

It is the product of the global slope index (Ig) by the square root of the basin area. The Ig 

decreases when L and Kc increase which makes difficult to compare two different sizes of 

basins. The Ds defined as follow: 

                𝐷𝑆 = 𝐼𝑔 𝐴                                Eq.II.8 

Ds: Specific height difference (m); 

Ig: Global slope index (m / km); 

A: Area of the basin (km²). 

 

The classification of the O.R.S.T.O.M based on the specific height difference (Ds) is 

as follow (tab.II.12): 
 

                          Table II.12. Classification of relief according to Ds (ORSTOM). 

Type of relief Ds(m) 

Very low relief Ds < 10 

Low relief 10 < Ds < 25 

Fairly low relief 25 < Ds < 50 

Moderate relief 50 < Ds < 100 



Chapter II                                                                                  Presentation of The Study Area  

57 
 

Fairly strong relief 100 < Ds < 250 

strong relief 250 < Ds < 500 

Very strong relief Ds > 500 

 

These indices show the relief character and the importance of slopes of the studied sub 

basins (tab.II.13): 

Table II.13. Results of Indices of slopes for the study sub basins of the Tafna basin. 

Sub basins Ip Ig Im Ds (m) 

Upstream Sebdou 0.09 0.01 0.10 439.31 

Khemis 0.14 0.02 0.25 342.23 

 Wadi Boumessaoud 0.2 0.04 0.44 108.77 

Chouly 0.15 0.02 0.27 176.37 

Isser 0.12 0.01 0.17 696 

 

 The specific difference in height (DS) is greater than 500 m at Isser sub basin 

representing very strong relief. While Ds is between 250 and 500 at Upstream Sebdou, and 

Khemis sub basins representing strong relief. We can note the importance of the mountainous 

volume and the strong incision of the relief. While Wadi Boumessaoud sub basin has fairly 

strong relief representing plain area. 

 The value Ig found between 0.02 and 0.04 at Khemis, Chouly, and Wadi 

Boumessaoud sub basins according to the classification of the O.R.S.T.O.M. (tab.II.11) 

indicating to fairly strong relief. While Moderate relief at Upstream Sebdou, and Isser sub 

basins which adequacy with the morphology of these sub basins. 

 Spatial analysis of slopes 

 The spatial analysis of slopes is determined from ASTER Global Digital Elevation 

Model V003 maps (N36W02W03, and N35 W02W03) using ArcGis 10.3.1 software to 

represent the topography the terrain of the study area (fig.II.11). 
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Figure II.11.Slope maps of the study sub basins of the Tafna basin. 

 

The area of spatial distribution of the slope classes in km
2
 and percentage is defined in table 

II.14. 
 

Table II.14. Classes of the slopes of the study sub basins. 

Slope (%) 1 - 2 2 - 4 4 - 8 8 - 32 32 - 64 > 64 

Area 
Ai 

(km²) 

Ai 

(%) 

Ai 

(km²) 

Ai 

(%) 

Ai 

(km²) 

Ai 

(%) 

Ai 

(km²) 

Ai 

(%) 

Ai 

(km²) 

Ai 

(%) 

Ai 

(km²) 

Ai 

(%) 

Upstream Sebdou 62.65 14.26 40.31 9.18 70.11 15.96 113.81 25.91 40.81 9.29 111.63 25.41 

Khemis 50.61 14.79 31.51 9.21 48.57 14.19 83.65 24.44 32.6 9.53 95.29 27.84 

Wadi 

Boumessaoud 10.97 10.08 4.04 3.71 7.8 7.17 30.88 28.39 17.1 15.72 37.99 34.92 

Chouly 27.32 15.49 15.28 8.66 25.3 14.34 40.19 22.78 16.34 9.26 51.97 29.46 

Isser 106.51 15.3 53.76 7.72 84.81 12.18 164.85 23.68 72.76 10.45 213.38 30.65 

 

 The slope class between 8 to 32 % and > 64 % is representing a large area in all sub 

basins of the study area covering surface of 22% (Chouly) to 34% (Wadi Boumessaoud) 

corresponding to the reliefs of the Tlemcen mountains located in the southern zone of the 
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Tafna basin which is mainly characterized by the Upper Jurassic (the Zarifet and Lato 

limestones). 

 The 1 to 2 %, 4-8 %, and 32 to 64% class covers between 7 to 16 % of the total area 

representing the percentage of Quaternary continental which is mainly formed by alluvium, 

terraces. 

  The slope class between 2 and 4% is representing less area in all sub basins with 

percentage of 3% (Wadi Boumessaoud) and more than 9% (Upstream Sebdou, Khemis) 

distributing over entire sub basins area. 

II.2.6.5.4. Hydrographic network 

 The hydrographic network is represented by natural drainage channels which 

represents the runoff path coming from precipitation or recharge from temporary or 

continuous groundwater (Roche, 1963).  

The geology and the reliefs have a significant impact in the layout of the hydrographic 

network and its evolution. 

- The important tributary of Upstream Sebdou sub basin is wadi Sebdou (controlled by 

Sebdou hydrometric station). 

- The important tributaries of Khemis are Khemis, and Boulefran wadis. 

- The important tributaries of Wadi Boumessaoud are Boumessaoud, Bou Ennag, and Bou 

Madjmar. 

-The important tributaries of Chouly are Chouly, El Fernane, and Ougarene. 

-The important tributaries of Isser are Isser, Beniane, and Bou Hadi.  

II.2.6.5.4.1. Network Hierarchisation  

The classification of the hydrographic network reflects the branching of the drainage 

network. There are several classifications, the method used in our work is that of Strahler 

(1957) which assumes that any thalweg without tributaries is of order 1, and the stream 

formed by the confluence of two rivers of different order takes the higher order of the two, 

and if the two streams have the same order, they are increased by 1 (fig.II.12).  
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Figure II.12. The hydrographic network of the studied sub basins. 

 

The average length of each order of the hydrographic networks of the studied sub basins are 

shown in tables II.15, II.16, II.17, II.18, and II.19: 
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         Table II.15. Classification of thalweg of Upstream Sebdou sub basin. 

Order (i) Number (Ni) Cumulative length (Li) (km) Average length (La) (km) 

1 589 291.62 0.5 

2 215 141.82 0.66 

3 114 72.84 0.64 

4 113 56.53 0.5 

5 30 7.07 0.24 

6 1 0.26 0.26 

         Table II.16. Classification of thalweg of Khemis sub basin. 

 

 

 

 

 

 

         Table II.17. Classification of thalweg of Wadi Boumessaoud sub basin. 

 

 

 

 

 

        Table II.18. Classification of thalweg of Chouly sub basin. 

 

 

 

 

 

        Table II.19. Classification of thalweg of Isser sub basin. 

Order (i) Number (Ni) Cumulative length (Li) (km) Average length (La) (km) 

/ / (km) (km) 

1 359 209.29 0.58 

2 174 82.56 0.47 

3 96 56.82 0.59 

4 51 25.74 0.5 

5 38 22.35 0.59 

Order (i) Number (Ni) Cumulative length (Li) (km) Average length (La) (km) 

1 121 71.69 0.59 

2 53 32.16 0.61 

3 16 15.71 0.98 

4 34 23.8 0.7 

5 1 0.39 0.39 

Order (i) Number (Ni) Cumulative length (Li) (km) Average length (La) (km) 

1 154 92.44 0.6 

2 84 47.19 0.56 

3 67 28.82 0.43 

4 50 20.49 0.41 

Order (i) Number (Ni) Cumulative length (Li) (km) Average length (La) (km) 

1 766 457.05 0.6 

2 457 227.71 0.5 

3 165 89.12 0.54 

4 179 80.2 0.45 

5 23 15.04 0.65 
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II.2.6.5.4.2. Long profile 

 The longitudinal profile of sub basins (fig.II.13) showed the distance distribution of 

main thalweg on different altitudes range. The length of the main thalweg of Upstream 

Sebdou, Khemis, Wadi Boumessaoued, Chouly, Isser sub basins are ranging 24.85, 34.27, 

20.47, 26.41, 53.97 Km (tab.II.20), respectively. It is divided into sections from upstream to 

downstream.  

        Table II.20. Length of main thalweg of the studied sub basins. 

Sub basin 
Upstream 

Sebdou 
Khemis 

Wadi 

Boumessaoud 
Chouly Isser 

Main thalweg Length (Km) 
24.85 34.27 20.47 26.41 53.97 

 

Upstream Sebdou sub basin originates from the mountains of Hariga, Lato with 

altitude 1300 m and length of 1.31 km, and slope of 0.96% (tab.II.21) to flows into the Tafna 

Valley at outlet at altitude 852 m with very strong slope of 9.08 %.  

 Khemis sub basin (tab.II.22) originates from Boulefrane valley coming from Sidi Moh 

Senoussi with length 1.97 km between altitudes 1339 to 1419 km and very strong slope of 

4.06%, and this sub basin has more source coming from Maroui, Kerrouch, and 

Moudjahadine mountains to fuel thalweg with length 6.65 Km between altitudes 1248 to 

1339 and slopes of 1.37 % to continues its course and flows at the end in Beni Bahdel dam. 

Wadi Boumessaoud sub basin (tab.II.23) originates from Ennag valley with length 

3.89 Km between altitudes 627 to 739 m and strong slope of 2.88 % coming from Tefatisset 

mountain between altitudes 739 to 838 m, to be  connected in its following path with Bou 

Madjmar to flows at outlet with altitude 212 after slope of 1.81 %. The tributaries of Wadi 

Boumessoued are united with Zitoune tributries to flow at Tafna valley that is coming from 

Maghnia region. 

Chouly basin (tab.II.24) is originate from Ougarene valley located between the two 

mountains Dar Cheikh and Rhenndas, the length of the valley is 3.62 Km between altitudes 

1205 to 1288 m with strong slope of 2.29 % to flow into El Fernane valley and Chouly valley 

respectively, before flowing into Isser valley at the outlet with altitude 713 m after strong 

slope of 2.61 %. 

The origin of Isser sub basin (tab.II.25) comes from El Asses, and Bel Khiar 

mountains to fuel Beniane valley with length 10.72 km between altitude 923 to 1041 m with 

slope of 1.1 % to flow at Isser valley which is most important tributaries and lengthiest in this 

sub basin, and it also alimented from Bou Hadi valley in north to continues its flow to Sidi 

Abdelli Dam, the outlet of the principle valley at altitude 359 m after slope of 1.5 %. 

6 21 11.45 0.55 
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The main thalweg is characterized by regular slope at Chouly, and Isser sub basins, and very 

strong slope at Sebdou, Khemis, and Wadi Boumessaoued sub basins which showed rupture 

in slope probably due to the geology formation (the Upper Jurassic), or the existence of 

fractures in the area and that can involve strong flows caused the erosion. 
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Figure II.13. Long profile of the studied sub basins. 

 

II.2.6.5.4.3. Average slope of the main thalweg 

It is defined by the ratio of the difference in altitude (ΔH) to the total length of the 

main thalweg (ΔL), a steep slope favors surface flow, while a low slope favors infiltration: 

                  𝐼𝑎 =
∆𝐻

∆𝐿
                                  Eq.II.9 

Ia: Average slopes (%), 

∆H: Difference of the altitude (Km), 

∆L: Length of main thalweg (Km). 
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Table II.21. Distance and slope of main thalweg of Upstream Sebdou basin. 

Altitude (m) Distance (Km) Slope (%) 

[852 - 971] 7.85 9.08 

[971 - 1037] 5.55 1.76 

[1037 - 1098] 4.38 3.05 

[1098 - 1159] 2 1.39 

[1159 - 1228] 3.75 1.24 

[1228 - 1303] 1.31 0.96 

Table II.22. Distance and slope of main thalweg of Khemis basin. 

 

 

 

 

 

 

Table II.23. Distance and slope of main thalweg of Wadi Boumessaoud basin. 

 

 

 

 

 

 

Table II.24. Distance and slope of main thalweg of Chouly basin. 

 

 

 

 
 

 

 

 

 

Altitude (m) Distance (Km) Slope (%) 

[654 - 850] 11.67 1.68 

[850 - 993] 5.81 2.46 

[993 - 1130] 6.47 2.12 

[1130 - 1248] 1.7 6.94 

[1248 - 1339] 6.65 1.37 

[1339 - 1419] 1.97 4.06 

Altitude (m) Distance (Km) Slope (%) 

[212 - 373] 8.91 1.81 

[373 - 493] 1.59 7.55 

[493 - 627] 4.82 2.78 

[627 - 739] 3.89 2.88 

[739 - 838] 1.26 7.86 

Altitude (m) Distance (Km) Slope (%) 

[713 - 879] 6.35 2.61 

[879 - 1003] 5.36 2.31 

[1003 - 1111] 7.16 1.51 

[1111 - 1205] 3.92 2.4 

[1205 - 1288] 3.62 2.29 
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Table II.25. Distance and slope of main thalweg of Isser basin. 

 

 

 

 

 
 

 
 

II.2.6.5.4.4. Hydrographic Network features 
 

The important parameters which govern the hydrological regime of a watershed are: 

the drainage density (Dd), the confluence ratio (Rc) and the length ratio (RL) and the 

torrentiality coefficient. The determination of these parameters is based on the classification 

of Strahler (1957) under a geographic information system (ArcGIS).  

 Confluence report (Rc) 

This is an important element to consider in establishing correlations from one region 

to another. It is defined by the following relation: 

                              𝑅𝑐 =
𝑁𝑖

𝑁𝑖+1
                                         Eq.II.10 

Rc: Confluence report, 

Ni: Number of thalwegs of order I, 

N i + 1: Number of thalwegs of order i + 1. 
 
 

             Table II.26. Confluence report of the study sub basins. 

 
 

 

 

 

 

Rc shows that the network is well organized and constitutes a geometric series 

(tab.II.26, fig.II.14). 

 

Altitude (m) Distance (Km) Slope (%) 

[359 - 573] 14.3 1.5 

[573 - 691] 7.17 1.65 

[691 - 806] 6.37 1.81 

[806 - 923] 10.9 1.07 

[923 - 1041] 10.72 1.1 

[1041 - 1165] 4.51 2.75 

Order Upstream Sebdou Khemis Wadi Boumessaoued Chouly Isser 

1 2.74 2.06 2.28 1.83 1.68 

2 1.89 1.81 3.31 1.25 2.77 

3 1.01 1.88 0.47 1.34 0.92 

4 3.77 1.34 34 / 7.78 

5 30 / / / 1.1 

6 / / / / / 
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Figure II.14. Representation of the number of thalwegs according to the ordre. 
 

 

 Length ratio (RL)  

The definition is as follows:  

                      𝑅𝐿 =
𝐿𝑖+1

𝐿𝑖
                                      Eq.II.11 

RL: Length ratio, 

Li: Length of thalwegs of order I, 

Li + 1: Length of thalwegs of order i + 1. 
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            The values of the length ratio (tab.II.27) showed that the hydrographic networks of sub 

basins are well organized and distributed with successive thalwegs forming an inverse 

geometric series (fig.II.15). 

             Table II.27. Length ratio of the studied sub basins. 

 
 

 

 

 

 

 

  

    

  
 
  

Order Upstream Sebdou Khemis Wadi Boumessaoud Chouly Isser 

1 / / / / / 

2 0.49 0.39 0.45 0.51 0.5 

3 0.51 0.69 0.49 0.61 0.39 

4 0.78 0.45 1.51 0.71 0.9 

5 0.13 0.87 0.02 / 0.19 

6 0.04 / / / 0.76 
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Figure II.15. Line representative of the ratio of the lengths as a function of the order. 

 
 Drainage density 

 Drainage density is based on the geology of the topographical characteristics of the 

basin and climatologically and anthropogenic conditions to maintain the hydrological 

conditions in a unit hydrographic vector by representing the area of the basin. It is defined as 

the sum of the lengths of the thalwegs draining the surface of the basin (Horton, 1932, 1945). 

Drainage density is defined by: 

         𝐷𝑑 =
 𝐿𝑖

𝑛
𝑖=1

𝐴
                        Eq.II.12 

 

Dd: Drainage density (km / km²), 

L: Cumulative length of all thalwegs in the basin (km), 

A: Basin area (km
2
). 

 

 Hydrographic density (Ft) 

Hydrographic density represents the number of thalweg per unit area. 

          𝐹𝑡 =
𝑁𝑡

𝐴
                              Eq.II.13 

 

F: Hydrographic density (km
-2

), 

Nt: Number total of thalweg, 

A: Basin area (km2). 

 

 Hydrographic density for order 1 (F1) 

It is the ratio of the total number of thalweg of order 1 to the area of the basin. 

    𝐹1 =
𝑁1

𝐴
                                    Eq.II.14 

 

F1: Hydrographic density of order 1 (km-²), 

N1: Total number of thalweg of order 1, 

A: Basin area (km
2
). 
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 Torrentiality coeffiient (Ct) 

It is a coefficient which takes into account both the drainage density and that of the 

elementary thalwegs of order 1: 

            𝐶𝑡 = 𝐷𝑑 . 𝐹1                              Eq.II.15 

 

Ct: Torrentiality coefficient, 

Dd: Drainage density (Km/Km
2
), 

F1: Frequency of thalweg of order 1(Km
-2

). 

 

 Elongation coefficient (E) 

It is given by the following relation: 

            𝐸 =
2 𝐴.𝜋

𝐿0
                                 Eq.II.16 

              𝐿0 =
 𝐿𝑚

𝑛
                               Eq.II.17 

 

A: Area of the basin (Km
2
), 

n: Order number, 

Lm: Average length of main thalweg (km), 

L0: Average length of each thalweg (Km). 

 

 Concentration time (Tc) 

It is the time it takes for a water particle coming from the most distant part of the 

basin to reach the outlet, it depends on several factors: the shape of the basin, the vegetation 

cover, the lithology. The concentration time is defined by the formula of Giondotti which has 

been approved in North Africa as follow (Giandotti, 1934):  

   𝑇𝐶 =
4 𝐴+1.5𝐿𝑝

 𝐻𝑎𝑣 −𝐻𝑚𝑖𝑛
                     Eq.II.18 

 

Tc: Concentration time (hours), 

A: Area of basin (km
2
), 

L: Length of the main thalweg (km), 

Haverage: Average altitude (m),  

Hmin: Minimum altitude (m). 

 

 Concentration speed (Vc) 

It defined as being the average speed of propagation of a flood as formula follow: 

              𝑉𝐶 =
𝐿𝑀

𝑇𝐶
                                Eq.II.19 

VC: Concentration speed (Km/h), 

LM: Length of the main thalweg (Km), 

TC: Concentration time (hours). 

Hydrographic Network features are presented as follow (tab.II.28): 
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Table II.28. Characteristics Hydrographic of the Study sub basins. 

 

Sub basin 

Hydrographic Characteristic 

Dd Ft F1 Ct E Tc Vc 

Km/Km
2
 Km

-2
 Km

-2
 / / hours Km/h 

Upstream Sebdou 
1.3 2.42 1.34 1.74 159.55 9.11 32.02 

Khemis 1.16 2.1 1.05 1.22 119.54 6.1 34.34 

Wadi 

Boumessaoud 
1.32 2.07 1.11 1.47 56.54 4.39 16.33 

Chouly 1.07 2.01 0.87 0.93 94.04 5.03 18.36 

Isser 1.26 2.31 1.10 1.39 170.93 10.27 44.51 

    

 The results of drainage density of the Study basins seem homogeneous over the whole 

of the Tafna basin, showing good drainage. 

 The density was relatively higher in Wadi Boumessoud sub basin due to his small area and it 

is supplied from the main tributary (Tafna valley). 

 The values of the hydrographic density (F1) of Upstream Sebdou, Wadi Boumessaoud 

and Isser sub basins are respectively 1.34, 1.11, 1.10 km-². These results show that these sub 

basin has a greater number of thalwegs of order 1 compared to their density of hydrograph of 

all order of thalweg respectively 2.42, 2.07, 2.31 km-².  

These sub basins have a high torrentiality coefficient ranging from 1.39 (Isser) to 1.74 

(Sebdou). We note a runoff concentration time of approximately 9 hours for Sebdou 

corresponding to an average speed of 32.02 km / h. While the runoff concentration times of 

the Wadi Boumessaoud and Isser are 4 and 10 hours, respectively, with respective flow 

speeds of 16.33 and 44.51 km / h. 

II.2.7. Land Use 

The study of land use in the Study basins is taken from the land use map that the 

INSID (National Institute for Irrigation and Drainage) had produced at a scale of 1/50 000 

and data collected from the ANRH document "The Environmental Atlas of Tlemcen Wilaya".  

Land cover represents a determining and regulator factor of the runoff regime, where its 

resistance is increased due to the severity of the topography and the density of vegetation 

cover which affects the climatic factor (evaporation rate), and the retention capacity of the 

basin. 

The main agricultural characteristic of the Tafna basin lies in the diversity of the natural sets 

which allows a diversity of activities according to the different climatic stages and the nature 

of the soils.  

According to the numerous studies carried out by the A.N.A.T. (National Agency for 

Regional Planning of Algeria), there are four (04) large natural spaces that make it possible to  

draw up a sketch of the different agricultural potentials in the study area: 
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- A coastal area was characterized by market gardening, in particular, legumes and various 

fruit trees due to the absence of frost. It is represented by the Traras Mountains range - a set 

of plains and plateaus crossed by large wadis (Isser and Tafna) with excellent soil quality. 

These cover areas are located in the north-eastern Boumessaoued and Isser sub basins. 

Concerning the region of the Traras Mountains, the phenomenon of soil erosion is still 

worrying and it is more than necessary to reflect on an ambitious program of water and soil 

conservation. While in the plains zone, the programs are modest and have not made it 

possible to slow down the process of degradation of natural resources and desertification in 

this area. 

- On the plateaus and in the Piedmonts, agricultural activity is oriented towards cereals, and it 

adapts to all dry or irrigated crops distributed in the Isser basin in the valleys and quaternary 

filling plains (Ouled Mimoun - Ain Tellout) characterized by a soil formed of alluvial 

deposits. 

- The Tlemcen mountain range: this zone with fairly uneven relief is occupied by forests and 

maquis which cover a large area of the study basins. 

- North of the Tlemcen Mountains: we can see the high steppe plains, it is an arid zone with 

shallow soils, very poor in organic matter and the vegetation cover consists of steppe species 

such as the alpha covering a part of the northeast, and the extreme northwest of the Isser sub 

basin. The main activity remains sheep farming in the North at Wadi Boumessaoud. 

The Tafna basin experienced degradation in the landscape by extensive small-scale 

agriculture, where the traditional cropping system such as fallow cereal (47.26% cereal 

cultivation) extensively dominates land use, which is not a better economic choice 

considering the quality of the soil in the basin. Intensive crops are limited to the perimeter of 

Maghnia, the Hennaya plain, and some valleys (Tafna, Khemis, Isser, and Sikkak) 

(fig.II.16)(tab.II.29). 

 

  

 

                                            

 

     

 

 

 

 

 

 

 

Figure II.16. Land use map of the study sub basins of the Tafna basin. 
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Table II.29. Distribution of land in the different zones of the Study basins (ABH, 2006). 

Sub basin Town 

Area occupied (Ha) 

Market gardening 

 

Arboreal culture 

 
cereals 

Upstream Sebdou 
Sebdou 108 489 3682 

Khemis Beni snous 176 221 1360 

Wadi Boumessaoud Beni Mester 100 320 1177 

Chouly Wadi Lakhdar 254 137 750 

Isser 

Ouled Mimoun 374 352 2250 

Ain Tellout 145 163 7800 

Ben  Smiel 212 157 1360 

Ain Yousef 107 448 2996 

El – Fhoul 600 638  

 

 
  

  

II.3. Conclusion 

 This chapter describes the main geographical, geological, hydrogeological and 

morphometric characteristics as well as the land use of the study sub basins (Sebdou, Khemis, 

Wadi Boumessaoued, Chouly, Isser) of the Tafna basin. These characteristics have a definite 

influence on the response of the surface flow. 

 The geological study showed that the sub basins are essentially occupied by the 

formations of the upper Jurassic, mainly formed by very karstic Tlemcen dolomites, favoring 

the infiltration of surface water.  

 While the study of physical factors such as slope has shown that the Study basins belong to 

two classes: 

 

Figure II.17. Traditional agriculture of Sebdou. Figure II.18. Traditional agriculture of Ouled 

Mimoun. 
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- A fairly strong relief reflecting the mountains zone responsible for the high drainage 

density,  

- and Moderate relief which according to the morphology of the sub basins.  

 The values of the coefficient of compactness for the Sebdou and Isser sub basins 

greater than 1.7 demonstrate their elongated shape, which consequently implies a slower 

response in runoff with a water concentration time of more than 9 hours. 

The study of the land use showed that: 

- in the sub basins located upstream dominates the forest character covering the chain 

of the Tlemcen Mountains, 

- The vegetation cover is directly involved in the process of filtration, runoff and soil 

loss, where the silvopastoral and pastoral areas can provide low erosion when the land 

is protected. 
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III.1. Introduction 

 The hydrological cycle is greatly experienced fluctuations of hydro-climatic variables 

such as temperature, wind speed, precipitation, soil moisture, and evapotranspiration (Teng et 

al., 2012; Guo et al., 2020), particularly in the Mediterranean basins, and in semi-arid regions 

are characterized by high temporal and spatial variability of extreme rainfall, low runoff, high 

evapotranspiration (Romero et al., 1998; Mehta and Yang, 2008; Schilling et al., 2012; 

Touazi and Laborde, 2004), Increasing temperature has a consequence on rainfall, which its 

variation raises the uncertainty of predictions on rainfall in terms of its trend as well as the 

spatial distribution (Ramos and Martínez-Casasnovas, 2006; Batisani and Yarnal, 2010). 

High temperatures also affect water availability (Modal et al., 2015) , and strongly affecting 

the streamflow regime (Zamoum and Souag-Gamane, 2019; Meddi and Hubert, 2003, Meddi 

et al., 2010a), and increasing pressures on water resources (Sellami et al., 2016; Barbé, 2002; 

Bekele et al., 2019), which may enhance the process of desertification (Lopez-Bermudez et 

al., 1998). Around 13% of Algeria has a Mediterranean climate, and the watersheds of this 

region contribute to approximately 75% of the annual surface water flow (Belarbi e al., 2016) 

with a situation of water scarcity in dry periods (Benblidia and Thivet, 2010). A reducing 

trend of rainfall with order 20 % in the northern center of Algeria was observed, which led to 

a drastic decrease of streamflow by almost 55% in this region and fluctuates from 61 to 71 % 

decline in streamflow in the extreme northwest (Meddi and Hubert, 2003) due to a reduction 

of more than 36% of rainfall (Meddi, H. and Meddi, M, 2009). Northwest Algeria has 

experienced fluctuations in rainfall between the two decades 1940s and 1990s from positive 

to negative anomalies, which reflected a significant decline in rainfall during the mid-1970s.  

Therefore, the comprehensive analysing of the hydro-climatological variable such as rainfall, 

runoff, the temperature and its variations is important to understand and analyze the 

hydrological behavior of the basin, and to assess the response of rivers to these variations, 

and improving water management, understanding the variation of climate and the problems 

associated with floods, droughts, and their impact on water resources (Traore et al., 2017; 

Dash and Kumar, 2017; Ndiaye et al., 2016; Tossou et al., 2017), in addition to being the 

major input data into any hydrological system. However, long-term time series data is not 

available in several regions of the world especially in the African continent, and may affect 

the accuracy and impact of the results of trend analysis. The importance of analyzing the 

complexity and variability of the space–time hydro-climatological variable patterns has 

clearly revealed the need for expanding the actual hydrometerological -monitoring networks 

and improving the quality control and maintenance of databases. These improvements in 

monitoring networks and data pre-processing will increase the options to detect possible 

changes in climate and improve the understanding of the climate and the water cycle (Celleri 

et al., 2007). The analysis of climate variables needs to be based on homogeneous data 

(Conrad and Pollak, 1995; Longobardi and Villani, 2009) which are not affected by non-

climate factors such as changes in instrumentation and the location of meteorological stations 

as well as their surrounding and the other disturbing factors (Peterson et al., 1998). 

The study on climate change requires several tools for statistical analyses (Hubert, 2000) 

aimed at the detection of breakpoints and trends (magnitude and their directions) (Traore et 

al., 2017). There are several parametric and non-parametric tests available for detecting the 
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trend in climate variables. However, several studies have been given high attention in 

detecting trend in climate and hydrologic variables (mainly rainfall and temperature) world-

wide (Garbrecht et al., 2004; Jiang et al., 2007; Donald et al., 2008; Jain and Kumar, 2012; 

Yang et al., 2014; Kisi and Ay,2014;  Da Silva et al., 2015; Liuzzo et al., 2016; Pal et al., 

2017; Lappas et al., 2017; Wu and Qian, 2017; Qin et al., 2017; Kale and Sönmez, 2018; 

Kumar et al., 2019; Panda and Sahu, 2019), and several studies in Northern Algeria (Touazi 

et al. 2011; Hamlaoui-Moulai et al.2013; Baahmed et al.2015; Djellouli et al. 2017; Mrad et 

al.2018; Otmane et al., 2018; Hallouz et al., 2019; Kadir et al., 2020; Khedimallah et 

al.,2020; Charifi Bellabas et al., 2020; Zekouda et al., 2020). 

 

Therefore, further analyzing hydro-climatological in the Northwestren of Algeria region is 

required for improving the strategies on water resource management. In this study, we 

complement previous studies by dealing with sub basins that were not previously addressed 

in Tafna basin. The aim objectives of this chapter is to analyse the different hydrological and 

climatic variables of the five sub basins of the Tafna basin (Upstream Sebdou, Khemis, Wadi 

Boumessaoud, Chouly, Isser) on a different time scales are: 

 

(1) Preliminary analysis of hydrometeorological variables (rainfall, runoff, temperature, 

potential evapotranspiration ) on an annual, monthly, seasonal, and  daily scale. 

(2) Statistical analysis of homogeneity on hydrometeorological variables (rainfall, runoff, and 

temperature) on an annual, and monthly, and detecting of breakpoints. 

(3) Analysing the trend (magnitude and their directions) of hydrometeorological variables 

(rainfall, runoff, and temperature) on an annual, monthly, and seasonal scale. 

 

III.2. Station presentations 

Daily rainfall data were collected from eight climate stations from (Sebdou, Khemis, 

Hennaya, Djebel Chouachi, Chouly, Meurbah, Ouled Mimoun, and Sidi Bounakhla) located 

in different parts of five sub basins of Tafna basin for a time period of 32 years (1979/1980-

2011/2012), and daily flow data collected from five hydrometric stations from (Sebdou, 

Zahra, Zenata, Chouly, Sidi Aissa) located in the outlet of sub basin for a time period of 26 

years (1985/1986–2010/2011), and which is provided by National Agency of Hydraulic 

Resources (ANRH) of Algeria. And daily temperature data were collected from two climatic 

stations (Beni Bahdel, Zenata) for a time period of 32 years (1979/1980–2010/2011), which 

is provided by the National Agency of Hydraulic Resources (ANRH) of Algeria, and the 

Hydrographic basin agency of Oran (ABH). The period of the study was selected based on 

the compatible duration in the start and the end of the time series of all stations, as well as the 

quality of the recordings. The major characteristics of the stations (name, code, coordinates, 

and database periods) presented in table III.1, table III.2, and table III.3. 
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 Table III.1. Descriptive information of rainfall stations of the study area. 
 

  

    

   Table III.2. Descriptive information of runoff stations of the study area. 

N Sub basin 
Name of 

station 

 Code of 

station 

Longitude 

(W) 

Latitude 

(N) 

Elevation 

(m) 

Period of 

Data 

1 
Upstream Sebdou Sebdou 16-04-01 1°20' 34°39' 875 1980-2010 

2 Khemis Zahra 16-04-09 1°30' 34°40' 660 1972-2011 

3 Wadi Boumessaoud Zenata 16-04-07 1°27' 34°58' 380 1985-2011 

4 Chouly Chouly 16-06-01 1°8' 34°51' 205 1970-2010 

5 Isser Sidi Aissa 16-06-14 1°3' 35°2' 720 1985-2011 

 

 Table III.3. Descriptive information of Temperature stations of the study area. 

N Sub basin 
Name of 

station 

Code of 

station 

Longitude 

(W) 

Latitude 

(N) 

Elevation 

(m) 

Period of 

Data 

1 
Upstream Sebdou Sebdou 16-04-01 1°33' 34°65' 875 1975-2011 

2 Khemis Khemis 16-04-06 1°56' 34°64' 920 1970-2011 

3 Wadi Boumessaoud 

Hennaya 16-05-16 1°39' 34°92' 515 1973-2011 

Djebel 

Chouachi 
16-05-18 1°50' 34°94' 110 1974-2014 

4 Chouly 

Chouly 16-06-01 1°14' 34°83' 700 1970-2013 

Meurbah 16-06-02 1°17' 34°79' 1100 1970-2013 

5 Isser 

Ouled Mimoun 16-06-07 1°03' 34°90' 705 1979-2012 

Sidi Bounakhla 16-06-10 1°05' 35°03' 430 1973-2011 

N Name of station Code of station 
Longitude 

(W) 

Latitude 

(N) 

Elevation 

(m) 

Period of 

Data 

1 Beni Bahdel 16-04-02 1°27' 34°41' 665 1979-2010 

2 Zenata 60531 1°27' 35°01' 247 1979-2010 
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Figure III.1. Location of climatic and hydrometric measurement stations on studied sub 

basins. 

 

III.3. Preliminary analysis of rainfall  

III.3.1. Missing data details of rainfall stations  

The amount of missing daily rainfall (tab.III.4, fig.III.2) data was about 0.8% for 

Sebdou, Khemis, was about 1.5% and 0.8% for Hennaya and Djebel Chouachi stations, 

respectively, with a standard error of estimation not exceeding a value of 7%. The amount of 

missing data reported to be 1.6% and 6.1% for Chouly and Meurbah stations and about 1.6% 

and 1.2% for Ouled Mimoun and Sidi Bounakhla stations with a standard error of estimation 

not exceeding the value of 6%, respectively. Overall, in general, the average missing daily 

rainfall data of the nine rainfall stations were 2.27% only. 

We filled the missing data in the eight stations by a linear regression method as well as 

considering the data from the other adjacent stations (Beni Bahdel, Meffrouch, Sebra, Zaouia 

  

Runoff station

"J Sidi Aissa station

"J Chouly station

"J Zenata station

"J Zahra station

"J Sebdou station

Temperature station

#0 Zenata station

#0 Beni Bahdel station

$1 Basin outlet
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Ben Amer, and Smala Sidi stations). The equations of the linear regression method is based 

on checking the correlation coefficient between the complete time series for the number of 

adjacent stations with the study area rainfall stations separately (tab. III.5). 
 

             Table III.4. Descriptive information of Missing data of rainfall station. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Station 
Std. 

Deviation 

Missing 

Count Percent 

Stations of 

the Study 

Sebdou 4.13 94 0.8 

Khemis 4.83 91 0.8 

Hennaya 4.43 180 1.5 

Djebel Chouachi 4.44 92 0.8 

Chouly 4.39 197 1.6 

Meurbah 3.96 739 6.1 

Ouled Mimoun 3.55 190 1.6 

Sidi Bounakhla  3.86 150 1.2 

Nearest 

stations 

Meffrouch 5.98 1031 8.6 

Smala Sidi 3.62 244 2.0 

Sebra 4.54 218 1.8 

Zaouia Ben Amer 4.9 59 0.5 

Figure III.2. Overall summary of missing data. 
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          Table III.5. Regression correlation between study rainfall stations. 
 

 

 

III.3.2. Annual rainfall analysis 

As visualized in (fig.III.3), it is clear through the Box plot that the station of the 

highest length of the box (range) and the presence of the outliers are the station of the highest 

variability and station of the lowest range. Absence of the outliers is the station of least 

variability. 

 

 
 

Figure III.3. Annual rainfall box plot. The upper and lower limit of the box indicate the 25
th

   

and 75
th

 percentiles, respectively. The linear extensions mark the highest and lowest observed 

values. 
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Sebdou 1             

Khemis 0.52 1            

Hennaya 0.55 0.57 0.46 1          

Djebel Chouachi 0.4 0.4 0.3 0.5 1         

Chouly 0.6 0.56 0.44 0.73 0.5 1        

Meurbah 0.56 0.49 0.4 0.57 0.4 0.62 1       

Oued Mimoun 0.54 0.52 0.43 0.7 0.41 0.75 0.6 1      

Sidi Bounakhla 0.54 0.52 0.44 0.73 0.46 0.74 0.58 0.75 1     

Meffrouch 0.63 0.58 0.5 0.79 0.42 0.74 0.65 0.69 0.68 1    

Smala Sidi 0.5 0.52 0.42 0.68 0.4 0.59 0.5 0.6 0.57 0.62 1   

Sebra 0.55 0.53 0.4 0.77 0.43 0.66 0.55 0.6 0.62 0.75 0.68 1  

Zaouia Ben Amer 0.54 0.55 0.43 0.79 0.5 0.7 0.55 0.63 0.69 0.72 0.67 0.72 1 
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 The annual series of rainfall over a period of 32 years (fig.III.4) showed significant 

irregularity from year to year for rainfall station distributed over the entire study sub basins, 

where the average of rainfall for each 5 years range is between 288.6 mm to 417.26 mm for 

Sebdou station, and for Khemis station, the rainfall varies between 274.78 mm to 521.58 mm, 

all these stations are located in the Haute area of the Tafna basin. While the average rainfall 

for these stations is above 360.49 mm. The average rainfall of 5 years range in the center area 

of the basin is between 216 mm to 341.7 mm for Djebel Chouachi station, and between 

354.27 mm to 409.74 mm for Hennaya station with the annual average of two stations is 

above 278.68. In the Est area of the average basin, the 5 years range of rainfall is between 

329.56 - 454 mm, 326.43 - 443.87,  275.76 - 401.46 mm, and 310 - 390.75 mm for Chouly, 

Meurbah, Ouled Mimoun, and Sidi Bounakhla stations respectively, where the average 

rainfall is above 313.4 mm.   

The highest average of rainfall was detected between 1994-1995 for Khemis, and Sebdou 

stations with a maximum of 521.58 mm at Khemis station. While during the period 2001-

2005 was recorded the highest average of rainfall at Djebel Chouachi and Hennaya stations, 

and the period 2006-2011 for Chouly, Meurbah, Ouled Mimoun, and Sidi Bounakhla with a 

maximum of 454.2 mm at Chouly station. The decrease in rainfall was detected in the period 

1996-2000 for Sebdou, Khemis, Chouly, Ouled Mimoun, and Sidi Bounakhla stations, and in 

the period 1979-1985 for Hennaya, and Meurbah stations, and only Djebel Chouachi station 

showed a decrease in rainfall for period 1986-1990 with the minimum of 216.16 mm. That 

showed homogeneity in a variation of rainfall in terms of the increase of rainfall for close 

stations (fig.III.5). In the observation of the time series of annual rainfall, the heighest rainfall 

was recorded at all stations between 568.3 mm (Djebel Chouachi) to 919.9 mm (Khemis) in 

2008 , except Sebdou, and Hennaya stations was recorded in 1995, and 1980 respectively.   
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Figure III.4. Variability of average rainfall of the study stations. 
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Figure III.5. Annual evolution of precipitation at study stations in the sub basins   

(1979/1980 - 2011/2012). 
 

 

The Pearson Chi Square test is used to determine whether a statistically significant 

relationship exists between the two categorical variables. We used this test to verify for a 

relation between the number of rainfall days and the rainfall stations featured by location or 

elevation. The results show a significant level at 5% while the value of the test is 908.309. 

The assumption of the test has not been violated, which emphasizes the percentage of the 

cells less than the value of 5 should not be more than 20% (less value of the cells in the data 

series is 15.33) (tab. III.6).  
 

                Table III.6. Results of Chi-square Test. 

 

 

 

 

 

 

 

III.3.3. Monthly rainfall analysis 

The maximum monthly rainfall was in December above 148.4 mm for Djebel Chouachi, 

Hennaya, and Chouly, and in January with values of 154.9, 322.5 mm for Sebdou and 

Khemis respectively, and in February with maximum values of 157.3, 182.3 mm for Ouled 

Mimoun, and Sidi Bounakhla respectively, and only Meurbah station has maximum value 

(247.8 mm) with March. Box plots show the statistical distribution of data, indicating the 

maximum, 75 percentile, median, 25 percentile and minimum values, from the top of the 

graph, respectively. Figure III.6 showed the box plot of March, January, February which has 

 Value df 
Asymptotic  

Significance (2-sided) 

Pearson Chi-Square 
908.309

a
 33 .000 

Likelihood Ratio 973.059 33 .000 

N of Valid Cases 108477   

a. 0 cells (.0%) have expected count less than 5. The minimum expected count 

is 15.33. 
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the highest length of the box, and a few the outliers showing the lowest variability of rainfall. 

And September has more outliers which indicating the highest variability. 
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 Figure III.6.Variation of average monthly, minimum, maximum and average extremes rainfall 

(1979/1980-2011/2012). 

  

 The average monthly rainfall for the period (1979-2011) of the study stations 

(fig.III.7) shows the minimum rainfall is mostly observed in July approximately around 0.6 

mm ( Djebel Chouachi) to 4.7 mm (Sebdou) representing the most dry month, and the 

maximum in March with range 49.3 mm (Meurbah) to 55.4 mm (Khemis), February with 

46.3 mm (Ouled Mimoun) to 51.1mm (Sidi Bounakhla), and December with 45.6, 52.9 mm 

for Sebdou, Chouly respectively, and that represent the rainiest month. 
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Figure III.7. Variation of monthly average rainfall of the study stations (1979/1980-2011/2012). 

 

 

III.3.4. Seasonal rainfall analysis 

The seasonal analysis is important to define the variability for specific season or to 

several seasons. The figure III.8 showed that the Winter season (December, January, 

February) has the highest average rainfall compared to Autumn season (September, October, 

November), and Spring season (March, April, May) and the highest values was defined at 

Khemis station (156.8 mm), while the lowest average rainfall was at summer season (June, 

July, August), where Djebel Chouachi has the lower value 7.96 mm. 

The box plots (fig.III.9) show a small range between high and low values in summer for all 

stations indicates uniformity among the data (the low values close or equivalent to zero). The 

highest length of the box was defined in Winter and Spring showing the lowest variability of 

rainfall. 
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Figure III.8. Seasonal variations in rainfall of the studied stations in the Tafna basin. 
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III.3.5. Daily rainfall analysis 

The daily rainfall time series is showed irregularity variation. The visualization graphic 

(fig.III.10) showed clearly the rainiest period are recorded from 1979 - 1989 at Sebdou station, 

and from 2000 - 2011, 1989 - 2011 for Khemis and Djebel Chouachi respectively. 
 

 

     

Figure III.9. Box plot of the seasonal rainfall for the study stations. 
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Figure III.10. Variation of daily rainfall at the study stations (1979/1980 - 2011/2012). 

 

The station (location, elevation) and the count of range number of rain days (tab.III.7, 

fig.III.11) are not independent, where the higher number of non-rain days (10800 days) 

corresponds to the station of the low altitude (110 m) and near to the sea (Djebel Chouachi), 

and the lower number of non-rain days (9747 days) corresponds to the higher altitude (1100 

m). 
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                 Table III.7. Range of daily rainfall. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure III.11. Frequency of daily rainfall. 
 
 

III.4. Preliminary analysis of runoff  

III.4.1. Annual depth of runoff analysis 

 The results of the variation of the annual runoff during the study period 1985/1986 - 

2010/2011 (fig.III.12), showed irregularity from one period to another period. The minimum 

average annual runoff was mostly defined in the period 1996 - 2000 with values 0.22, 0.34, 

0.13 m
3
/s at Sebdou, Zahra, and Chouly respectively, and only in the period 2001-2005 at 

Zenata and Sidi Aissa with values 0.06, and 0.32 m
3
/s respectively. The maximum average 

annual runoff was mostly defined in the period 2006-2010 with values 0.25, 1 m
3
/s at Chouly, 

and Sidi Aissa respectively, while in the period 2001-2005, 19991-1995, 1996-2000 at 

Sebdou, Zahra, and Zenata respectively. The visualization of figure  III.13  showed that 1989, 

1993, 1996 to 1999, and 2004 has the lowest amount of runoff depth for all station, where 

 [0.1-0.9] [0] [1-10] [10.1-44.9] >=45 

 
Sidi Bounakhla 788 9789 1129 340 7 

Chouly 640 9837 1196 365 15 

Djebel Chouachi 356 10800 627 244 26 

Hennaya 631 9940 1115 349 18 

Khemis 330 10297 987 421 18 

Meurbah 760 9747 1179 357 10 

Ouled Mimoun 311 10246 1151 338 7 

Sebdou 673 9822 1214 330 14 



Chapter III                                  Variability and Trend Analysis of Hydro- Climatic Variables 

92 
 

Chouly station has the highest values of runoff depth during the study period with a high peak 

of approximately around 182 mm in 2008, and Zenata has the lowest runoff depth in the 

study period. 

 

  

  

      

  

 

Figure IV.12. Variation of average annual runoff at the study station (1985/1986-2010/2011). 
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Figure IV.13. Annual depth of runoff (mm) for the study stations. 

 

III.4.2. Monthly depth of runoff analysis 

The box plots (fig.III.14) of the average monthly depth of runoff shows the high length of the 

box was defined in March indicating that the high amount of runoff depth was in this month 

with high length at Zahra, while the small box plots were defined in June, July, August 

indicating the lower value for depth of runoff  in these months. 
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Figure III.14. Box plots of average monthly depth of runoff of the study stations. 

 

The average monthly depth of runoff (fig.III.15) shows a maximum value in March with a 

range of 6.72 mm (Zenata) to 13.57 (Zahra). The minimum values are mostly observed in 

July within the values 0.16, 0.11 at Sebdou, and Sidi Aissa, respectively, and also in August 

with values 0.58, 0.07, and 0.4 at Zahra, Zenata, Chouly, respectively. 

 

     

  

 

  

  



Chapter III                                  Variability and Trend Analysis of Hydro- Climatic Variables 

95 
 

Figure III.15. Variation of monthly average depth of runoff of the study stations. 

 

III.4.3. Seasonal depth of runoff analysis 

Figure III.16 showed that amount runoff depth was low in 1988, 1989, 1996, 1998, 2004 in 

Autumn, and 1987 to 2007 in winter, and in Spring with the year 1987, 1989, 1993, 1997, 

2007, and with 1989, 1994, 2000, 2005, 2006, 2007 in summer. the highest depth of runoff 

was 2008 in Autumn and winter at Zahra and Chouly respectively, and in 1990, 1995 at 

spring and summer respectively at Chouly, Zenata respectively. 
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The seasonal average depth of runoff in figure III.17 showed that spring has the highest 

depth of runoff compared to autumn and winter for all stations, and his peak was defined at 

Zahra station around 20.52 mm , while the lowest values were at Sidi Aissa station around 

0.65 mm in summer. Zahra station showed highest values of seasonal depth of runoff to 

spring, summer and winter among the study stations, while the highest value runoff depth for 

autumn was at Zenata stations (6.26 mm).  

 

 

 

 

 

 

 

    

 

Figure III.17. Variation of seasonal average depth of runoff of the study runoff station. 

 

 

III.4.4. Daily depth of runoff analysis 
 

The daily depth of runoff time series (fig.III.18) is showed irregularity variation with 

high peaks approximately around 40, 50 mm at Sebdou and Zenata stations respectively, and 

is above 30 mm at Zahra station, and above 25, 15 mm for Chouly and Sidi Aissa stations 

respectively.   

 

    

Figure III.16.Seasonal depth of runoff for the study station. 
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Figure III.18. Variation of daily depth of runoff of the study stations. 

 

 The frequency of the different range of daily runoff are presented in table III.8 and 

figure III.19, the results showed that Zahra station has the range of the highest values of 0.11 

to above 0.5 m
3
/s, which means receiving high amounts of runoff compared to other stations, 

while Zenata has the lowest values in this range Zahra station. And Chouly and Sebdou 

stations are receiving moderate amount of runoff represented by the high rate of the range 

0.02 to 0.06 m
3
/s. Zenata and Sidi Aissa stations receive less amount of runoff illustrated in 

the high rate of the range of the lowest values of 0 to 0.01 m
3
/s. 

 

  

  

    

  

 



Chapter III                                  Variability and Trend Analysis of Hydro- Climatic Variables 

98 
 

                                                                                                                   Table III.8. Frequency of different range of daily runoff of the study stations. 

Station 
Classification of Range of the Number of Runoff Days (m

3
/s) 

[0-0.01] [0.02-0.06] [0.07-0.1] [0.11-0.5] > 0.5 

Sebdou 2264 4950 479 925 878 

Zahra 440 1733 1231 4641 1451 

Chouly 342 5903 1460 1210 581 

Zenata 4865 2895 611 938 187 

Sidi Aissa 3732 754 662 3215 1133 

 

 
 

 

 

 

 

 

 

 

Figure III.19. Range of daily runoff of the study stations. 

 

III.5. Preliminary analysis of temperature 

 III.5.1. Annual temperature analysis  

The average annual temperatures (fig.III.20) are irregular by tending to increase or 

decrease from one period to another. The low values of temperature were defined in period 

1979 - 1985, and 1991 - 1995 with value 21, 20.9 °C respectively at Beni Bahdel, and with 

the same period with values 18.4, 18.2 °C respectively at Zenata which are below the average 

21.62, 18.81 °C at both stations respectively. The high temperature was in the period 2006-

2010 with values 22.3, 19.3 °C at both stations respectively.  
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Figure III.20. Variation of average annual temperature of the study stations. 

 

III.5.2. Monthly temperature analysis 

The variations of the monthly average temperatures are presented in the figure III.22, the high 

value was defined in August with values 34.4, 30.1°C at Beni Bahdel and Zenata, 

respectively which indicate it as the hot month. And January indicates the lower values of 

temperature 11.2, 9.8 °C at both stations respectively and is defined as the coldest month. The 

visualized of the box plots (fig.III.21) of two stations showed that the box of September at 

Beni Bahdel and March at Zenata have a presence the outliers which mean are the month of 

highest variability. 

 

Figure III.21. Box plots of monthly average temperature of the study stations. 
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Figure III.22. Variation of monthly average temperature of the study stations. 

 

III.5.3. Seasonal temperature analysis 

The variation of the seasonal average of temperatures (fig.III.23) shows that summer 

and autumn correspond to the hottest seasons, where is recorded the lower values in the 

period 1991-1995 for Beni Bahdel and Zenata and the higher values in the periods 1986-1990 

for Zenata, 2001-2005 for Beni Bahdel in autumn, and 2006-2010 for both stations in 

summer. And winter and spring as the cold seasons, where is recorded the lower values in the 

period 1979-1985 for both stations, and the higher values in the periods 1996-2000 in winter, 

and 2001-2005 in spring for both stations which is presented in figure III.24, and  III.25.  

  
            

Figure III.23. Variation of seasonal average temperature at the study stations. 
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Figure III.24. Seasonal evolution of average temperatures of Beni Bahdel station. 
  

      

       

  

Figure III.25. Seasonal evolution of average temperature of Zenata station. 
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III.5.4. Daily temperature analysis 

The variation of daily average temperatures of both stations is presented in figure III.26 and 

III.27. There is a gradual decrease in temperatures starting from November to February, and a 

considerable increase from May until the end of July. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III.6. Preliminary analysis of evapotranspiration 

 

Evapotranspiration is the transferred amount of water vapor to the atmosphere by 

transpiration from surface of free water, plants and by evaporation from soil. There are 

several formulas have been developed to estimate the evapotranspiration and depends on the 

availability of climate variables such as the Thornthwaite (1944), Turc (1962), Blanney-

Criddle (1950), and Penman Monteith-FAO (1998). For our study, we will applied  the Oudin 

method (2004) which required the daily time series, the complex and physically formulas do 

not necessarily offer the best results (Oudin et al., 2005), where simple formulas are preferred 

Figure III.26. Variation of daily average temperature of Beni Bahdel station. 

Figure III.27. Variation of daily average temperature of Zenata station. 
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for current operational modeling. For the calculation of ETP by (Oudin, 2004) method with 

using that the formulas of (Jensen-Haise, 1963) and (McGuinness-Bordne, 1972) as follow: 

 

                                     𝐸𝑇𝑃 =
𝑅𝑒

λ𝜌𝑤
.
𝑇𝑎 +𝑘2

𝑘1
                                Eq.III.1 

If Ta + k2> 0, If not ETP = 0. 

ETP: Potential evapotranspiration (mm /d), 

k2: Threshold on the temperatures which make ETP are not systematically zero when the air 

temperature is negative (°C), 

k1: Scale factor for adjusting the total volume of ETP in the year (°C), 

Ta: Average air temperature only according to Julian day (°C), 

λ: Potential heat of vaporization = 2.45.106 (J / kg), 

ρw: Water density = 1000 (kg / m
3
), 

Re: Quantity of solar radiation at the top of the atmosphere (MJ/m²/d) (Djikou, 2006; Belouz, 

2009; Kay and Davies, 2008). 

 

III.6.1. Annual evapotranspiration analysis 

The variation of average evapotranspiration by the Oudin method during the period 

1979 - 2011 (fig.III.28) shows the higher values were defined in period 2006- 2010, 2001-

2005 with 1333.45, 1169.54 mm respectively above the average 1303.23 and 1147.91 mm at 

Beni Bahdel and Zenata respectively, where the higher peak of ETP of  1383.3 mm in 2009 at 

Beni Bahdel, and 1236 mm in 2007 at Zenata indicating the drought periods. The lower 

values were defined in period 1991-1995 with values of 1263.6, 1123.04 mm at Beni Bahdel 

and Zenata respectively, where the lower peak of ETP is 1215, 1091.9 mm respectively 

indicating wet periods. 

 

        

 

Figure III.28. Variation of annual average evapotranspiration of the study stations. 

 
 

III.6.2. Monthly evapotranspiration analysis 

The variations of the monthly average evapotranspiration are presented in the (fig.III.29) 

showed that the high value was defined in July with values 204.6, 202.74 mm at Beni Bahdel 

and Zenata respectively which indicate as the dry month, and the lower values were in 
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December and January with values of 38.2, 41.76 mm respectively at both stations 

respectively indicates the two months as the coldest month. 

 

       

Figure III.29. Variation of monthly average evapotranspiration of the study stations. 

 

III.6.3. Seasonal evapotranspiration analysis 

The average seasonal variation (fig.III.30) shows the highest values in Summer with 

571.61, 570.57 mm at Beni Bahdel, Zenata represent the drought season, and the lowest 

values in Winter with 124.70, 140.57 mm which define as the wet season. 

 

       

 

Figure III.30. Variation of seasonal average evapotranspiration of the study stations. 
 
 

III.6.4. Daily evapotranspiration analysis 

The variation of the average daily evapotranspiration (fig.III.31) showed a gradual 

decrease in evapotranspiration from October to February reaching approximately 1 mm, 

followed by an impressive increase from May until the end of August reaching approximately 

6 mm. 
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Figure III.31. Variation of daily average evapotranspiration of the study stations.  

 
III.7. Water balance 

The study period covers the period 1985/1986-2010/2011 in the 26 available records 

for the study five sub basins (fig.III.32). The year 2008 was defined as amongst the wettest 

years on record at all sub basins between a range of rainfall 559.85 mm, and 919.9 mm, a 

period which was also characterized by above average depth of runoff with a range between 

6.39 to 284.02 mm. The year 1987 mostly defined as the dry period with values of rainfall 

between 197.25 to 269.1 mm, and for the depth of runoff has lower values in 2004 at 

Upstream Sebdou, and Khemis, and in 2006 at Chouly and Isser, and only in 1999 at Wadi 

Boumessaoud, which are not correspond to the input amount. The estimated ETP appears 

quite stable oscillating between 1091.9 and 1347.5 mm, which reflects the energy-limited 

environment and ETP likely with underestimated rainfall, affected the annual water balance.    
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Figure III.32.Mean annual water balance (Rainfall, Depth of runoff, and evapotranspiration 

during the study period (1985/1986 - 2010/2011). 
 

 

III.8. Correlation 

Rainfall is considered as the driving force in a rainfall-runoff relationship, where is 

always the runoff that comes after rainfall at a particular period of time. The basis of the 

analysis comprises of determination of the relationship between the rainfall and runoff by 

plotting a regression line between rainfall and runoff at annual, monthly, daily steps, and to 

evaluate the dependability in determining the correlation between the two, the Pearson 

coefficient, and the Spearman‟s rho correlation will be used, which are well known and 

widely used internationally at annual, monthly, daily steps. 

III.8.1. Pearson’s correlation 

 The Pearson‟s coefficient of correlation was described by Karl Pearson in 1896, it is 

the standard method of his calculation which he called the “product-moments‟‟ method (or 

the Galton function for the coefficient of correlation r). An important assumption in Pearson‟s 

1896 contribution is the normality of the variables analyzed, which could be true only for 

quantitative variables. Pearson‟s correlation coefficient is a  measure of the strength of the 

linear relationship between two variables that cannot be measured quantitatively (Pearson, 

1896; Pearson, 1900; Hauke and Kossowski, 2011).  
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III.8.2. Spearman’s rho correlation 

 Spearman‟s rank correlation coefficient is a nonparametric (distribution-free) rank 

statistic proposed as a measure of the strength of the association between two variables. 

Spearman‟s coefficient is not a measure of the linear relationship between two variables; It is 

a measure of a monotone association, where It assesses how well an arbitrary monotonic 

function can describe the relationship between two variables, without making any 

assumptions about the frequency distribution of the variables. Unlike Pearson‟s product-

moment correlation coefficient, it does not require the assumption that the relationship 

between the variables is linear. In principle, Spearman‟s rho coefficient is simply a case of 

Pearson‟s product-moment coefficient in which the data are converted to ranks before 

calculating the coefficient (Spearman, 1910; Hauke and Kossowski, 2011). 
 

III.8.3. Annual correlation 

Table III.9 shows the correlation coefficients performed on the rainfall and depth of 

runoff at annual time series (1985/1986 - 2010/2011) for five sub basins. The results show 

that the correlation coefficient of Pearson and Spearman's rho values are above 0.7 at a 

significant level (p=0.01) for  Chouly, and Isser sub basins, it signifies that both variables 

move in the same direction, and that the rainfall and runoff variables have a perfect positive 

relationship; that means annual rainfall and annual runoff are strongly related. And Khemis 

only showed a great correlation (0.71) with Pearson. While Upstream Sebdou showed 

average correlation 0.55 with Spearman's rho and weak correlation with Pearson 0.43, and 

Wadi Boumessaoud showed a weak correlation with both coefficients 0.19, 0.29 respectively 

due to the presence of points that move away from the line.  

 

Table III.9. Correlation coefficients between annual rainfall and runoff  of the study sub basins. 
Correlations (Rainfall -Depth of 

runoff) 

Upstream 

Sebdou 
Khemis 

Wadi 

Boumessaoud 
Chouly Isser 

 

Pearson 

Correlation 

Coefficient 
0.43* 0.71** 0.19 0.89** 0.82** 

Spearman's 

rho 

Correlation 

Coefficient 

 

0.55** 0.59** 0.29 0.75** 0.71** 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 III.8.4. Monthly correlation  

The results of the table III.10 gave an average correlation for Sebdou, Khemis, and 

Chouly between 0.53 - 0.66 for both Pearson and Spearman's rho coefficients. This means 

that there existed a strong relationship between rainfall and runoff. Wadi Boumessaoud 

showed a strong correlation 0.71 with Spearman's rho and an average of 0.54 with Pearson, 

while Isser showed an average correlation with both coefficients 0.47, 0.65.  
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Table  III.10. Correlation coefficients between monthly rainfall and runoff of the study sub 

basin. 

**. Correlation is significant at the 0.01 level (2-tailed). 
  

 
 

III.8.5. Daily correlation 

As shown in table III.11, the correlation coefficient of Pearson and Spearman's rho 

between daily rainfall and runoff for all sub basins is less than 0.35 indicating that there is a 

weak relationship between rainfall and runoff and means an insignificant relationship. The 

weak correlation may due to minimum values of runoff presence despite the higher rainfall 

values while other minimum values of runoff in the same time series are corresponding to a 

high rainfall made inconsistency between the two variables. 

 

Table III.11. Correlation coefficients between daily rainfall and runoff of the study sub 

basins. 

**. Correlation is significant at the 0.01 level (2-tailed). 
 
 

III.9. Statistical test for distribution  

Distribution test is used to determine the variation fit the dataset, the test that has been 

conducted is chi-square test at significance level (α=0.05) for choosing the best probability 

distribution (Sharma and Singh, 2010).  

III.9.1. Chi-square Test 

Chi-Square test is used to compares how well theoretical distribution fits the empirical 

distribution (PDF) of variables dataset, and determines if sample data comes from a 

population with a specific distribution (Sharma and Sing, 2010). The Chi-squared statistic is 

defined as: 

                                  𝑥2 =  
 𝑂𝑖−𝐸𝑖 

2

𝐸𝑖

𝑘
𝑖=1                                         Eq.III.2 

Where: 

Oi = Observed frequency  

Correlations (Depth of runoff - 

Rainfall) 

Upstream 

Sebdou 
Khemis 

Wadi 

Boumessaoud 
Chouly Isser 

Pearson 
Correlation 

Coefficient 
0.53** 0.64** 0.54** 0.62** 0.47** 

Spearman's 

rho 

Correlation 

Coefficient 
0.66** 0.57** 0.71** 0.55** 0.65** 

Correlations (Depth of runoff 

- Rainfall) 

Upstream 

Sebdou 
Khemis 

Wadi 

Boumessaoud 
Chouly Isser 

Pearson 

Correlation 

Coefficient 
0.2** 0.17** 0.32** 0.20** 0.15** 

Spearman's 

rho 

Correlation 

Coefficient 

 

0.19** 0.16** 0.26** 0.23** 0.22** 
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Ei = Expected frequency, the formula of  Ei : Ei = F(X2) – F(X1)  

i= Number of observations (1, 2, ……k)  

F = CDF of the probability distribution.  

 

III.9.2. Statistical distribution for annual rainfall and runoff 
 

The results of chi-Square are presented in table III.12, and III.13. The value of the test 

is 20 at a significant level (p=0.05). Since the p-value is greater than our chosen significance 

level (α = 0.05), we do not reject the null hypothesis, which that emphasizes the percentage of 

the cells less than the value 5 should not be more than 20% (the less value of the cells in the 

data series is 20), and the assumption of the test allows a normal distribution of annual 

rainfall to be accepted for all stations of the sub basins. 

Table III.12. Results of Chi-square Test at annual rainfall. 

 

Station 

Pearson Chi-Square 
 

N of Valid Cases Value df 
Asymptotic 

Significance  

(2-sided) 

Sebdou 20
a
 16 0.220 5 

Khemis 20
a
 16 0.220 5 

Djebel Chouachi 20
a
 16 0.220 5 

Hennaya 20
a
 16 0.220 5 

Chouly 20
a
 16 0.220 5 

Meurbah 20
a
 16 0.220 5 

Ouled Mimoun 20
a
 16 0.220 5 

Sidi Bounakhla 20
a
 16 0.220 5 

a. 25 cells (100.0%) have expected count less than 5. The minimum expected count is .20. 
 

Table III.13. Results of Chi-square Test at annual runoff. 

 

Station 

Pearson Chi-Square  

N of Valid Cases 
Value df 

Asymptotic 

Significance (2-

sided) 

Sebdou 
20

a
 16 0.220 5 

Zahra 20
a
 16 0.220 5 

Zenata 20
a
 16 0.220 5 

Chouly 20
a
 16 0.220 5 

Sidi Aissa 20
a
 16 0.220 5 

a. 25 cells (100.0%) have expected count less than 5. The minimum expected count is .20. 
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III.10. Statistical test for Normality  

The normality tests in the annual time series were selected with two non  parametric: 

Kolmogorov-Smirnov and Shapiro-Wilk.  

III.10.1. Kolmogorov-Smirnov test 

The Kolmogorov-Smirnov test (Chakravart, Laha, and Roy, 1967) is used to decide 

whether a random sample followed a specific distribution. The statistic (D) is defined as the 

largest vertical difference between the theoretical and the empirical cumulative distribution 

function (ECDF):  

                               𝐷 = max1≤𝑖≤𝑛  𝐹 𝑥𝑖 −
𝑖−1

𝑛
,

𝑖

𝑛
− 𝐹 𝑥𝑖                  Eq.III.3 

Where Xi = random sample, i =1, 2,….., n, 

                                           ECDF=En=
𝑛(𝑖)

𝑁
                                              Eq.III.4 

Where n (i) is the number of points. The function increases by 1/N at the value of each 

ordered data point. 

F is the theoretical cumulative distribution of the distribution being tested which must be a 

continuous distribution. 

III.10.2. Shapiro-Wilk test 

The Shapiro-Wilk test (Shapiro and Wilk, 1965) has been used to investigate whether 

a random sample follows a normal distribution. The formula of the test as follows: 

 

                            𝑊 =
  𝑎𝑛−𝑖+1 𝑥𝑛−𝑖+1−𝑥1 𝑛

𝑖=1  
2

  𝑥𝑖−𝑥  2𝑛
𝑖=1

                                     Eq.III.5 

Where: 

i = 1, 2, …, n: Sample size,  

xi = Ordered values of the sample,  

𝑥  = Mean value of the sample,  

an − i + 1 = Constants generated from mean, variances, and covariates of the statistical order of 

a sample of size N and a normal distribution. 

The conditions for the two tests to meet a normal distribution at the significance level 

(p=0.05) are defined as follows: 
 

For Wcal ≤ Wtab rejects H0 and accepts H1 for p value α< 0.05. 

For Wcal ≥ Wtab accepts H0 for p value α > 0.05. 

III.10.3. Normality test for annual rainfall 

We applied Log normal on data series for all stations. Both tests accepted the 

normality except Hennaya with Shapiro-Wilk test (p=0.04) as shown in table III.14 which 
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indicates that the data of log-normal follows the normal distribution. The Q-Q (fig.III.33) 

shows that the Log normal distribution provides good alignment of the points within the 

envelope curves.   

 

Table III.14. Results of normality on annual rainfall to the log normal distribution. 

Station 

Tests of Normality 

Kolmogorov-Smirnov Shapiro-Wilk 

Statistic Sig. Statistic Sig. 

Sebdou 0.1 0.2
*
 0.97 0.58 

Khemis 0.11 0.2
*
 0.97 0.42 

Djebel Chouachi 0.08 0.2
*
 0.99 0.93 

Hennaya 0.11 0.2
*
 0.93 0.04 

Chouly 0.07 0.2
*
 0.99 0.1 

Meurbah 0.09 0.2
*
 0.97 0.37 

Oued Mimoun 0.1 0.2
*
 0.97 0.45 

 Sidi Bounakhla 0.15 0.06 0.96 0.21 

* This is lower bound of the true significance.  
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Figure III.33. Q-Q plot for normality of annual rainfall to the log normal distribution. 
 

 

III.10.4. Normality test for annual runoff 

 The two normality tests are applied with log normal of annual runoff (tab.III.15). The 

results show that the p-values of the two tests are above p=0.05 at Zahra, Chouly, and Sidi 

Aissa stations with Kolmogorov-Smirnov, and with Shapiro-Wilk at Chouly, Zenata, and and 

Sidi Aissa stations which shows that the annual time series data are normally distributed.   

The Q-Q plot (fig.III.34) compares the quantile of observation with a quantile of a 

standardized theoretical dataset and showed that the log runoff data of Chouly station meet 

the criteria of normal distribution where the values are close to the line. 

 

Table III.15. Results of normality on annual runoff to the log normal distribution. 
 

Station 

Tests of Normality 

Kolmogorov-Smirnov Shapiro-Wilk 

Statistic Sig. Statistic Sig. 

Sebdou 0.21 0.006 0.91 0.03 

 Zahra 0.17 0.07 0.91 0.02 

Chouly 0.08 0.20
*
 0.95 0.28 

Zenata 0.18 0.04 0.93 0.07 

 Sidi Aissa 0.14 0.19 0.96 0.32 

* This is lower bound of the true significance.  
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Figure III.34. Q-Q plot for normality of annual runoff to the log normal distribution. 
 

 

III.11. Variability analysis of Hydro - climatic variables 

Non-parametric tests (also known as distribution-free inferential statistical methods) 

do not require the data to be normally distributed. Since most of the hydro-meteorological 

time series data are not normally distributed. Hence, non-parametric methods have been 

widely used (Kumar et al., 2018; Huth and Pokorn, 2004). In this study, we have applied 

several non parametric tests (tab.III.16) for trend detection, and homogeneity analysis 

(monthly and annual time scale) of rainfall (8 stations) over period 1979/1980 and 

2011/2012, runoff (5 stations) over period 1985/1986 and 2010/2011, and temperature (2 

stations) over period 1979/1980 and 2010/2011 distributed in five sub basins of the Tafna 

basin.  
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Four tests (Pettit‟s test, Buishand test, Hubert test, Lee and Heghinian test) were applied to 

study homogeneity on an annual and monthly time scale. These tests analyse the time series 

and detect the break point, which is defined as a change of distribution of the variable in time 

series (i.e., change in the mean). The Khronostat software (version 1.01) was used to perform 

these tests. 

The Mann-Kendall test with Theil-Sen‟s slope method was employed for detecting a rainfall 

trend on monthly, seasonal (Autumn (September, October, November), Winter (December, 

January, February), Spring (March, April, May), Summer (June, July, August)), and annual 

time scale. 

The applied tests mentioned above have been widely used for evaluating the trend in climatic 

and hydrological data. 

      

     Table III.16. Summary of statistical tests. 

Statistical 

Method 

Statistical 

Test Types 
Description 

Change point 

detection test 

Pettitt Test 
Detects a single change-point in hydrological or climate data with 

continuous long-term time series 

Buishand Test Detects a change in variables according to any distribution. 

Hubert Test Detects multiple breaks in time series. 

Lee and 

Heghinian 

Test 

Detects change of means in the data with a continuous time 

series. 

Trend analysis 

Mann-Kendall 

(MK) 

 

Non-parametric test, which is commonly employed to detect 

monotonic trends in series of data for mainly climate or 

hydrological data. 

Sen‟s Slope 

Estimator 

Computes the linear rate of change (slopes) by choosing the 

median of the slopes of all lines through pairs of points also 

computes the upper and lower confidence limits for Sen‟s slope. 

 

III.11. 1. Tests for change point detection (homogeneity) 

 The change point detection test is the analysis of variance for data distribution, i.e., 

the shift in the mean of the variable in the time series. These methods assume a null 

hypothesis that there is no change in the variance of the series studied (Maftei et al., 2011), 

do not require the data to be normally distributed. We have applied four tests to study 

homogeneity on the annual and monthly scale: Pettit‟s test, Buishand test, Hubert test, Lee & 

Heghinian test. These tests may help to detect breaks which are defined as a change of 

distribution of the variable in time series (change in the mean) at different significance levels 

(p=0.01, 0.05, 0.1). 
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III.11.1. 1. Pettitt Test 

 

The Pettitt test is non-parametric test developed by Pettitt (Pettitt, 1979) for detecting 

point change (Wijngaard et al., 2003). The statistic, Ut,N  is defined using the two sums thus 

obtained in order to assess whether the two samples belong to the same population by the 

equation (L‟Hôte et al., 2002; Traore et al., 2017 ): 

 

Ut,N =   sgn xi − xj 

N

j=t+1

t

i=1

    Eq.III.6 

 

N: Size of time series,  

t: Time,  

Sgn: Coefficient given by the equation as follows: 
 

Sgn =  
+1
0

−1

 
if (xj − xi ) > 0

if ( xj − xi) = 0

if ( xj − xi) < 0

  Eq.III.7 

Under the null hypothesis, the statistic of the variable to be test is K given as: 
 

𝐾 = 𝑀𝑎𝑥 𝑈𝑡  Eq.III.8 

The exceedance probability of the k as: 
 

 

 

When the exceedance probability is smaller than α, the null hypothesis is rejected for a 

significance level α (Traore et al., 2017, Fossou et al., 2014).  

 

III.11.1.2. Buishand Test 

 

Buishand Test has the same hypotheses as the Lee and Heghinian test, the statistic U of 

the test is given as follow: 

 

                                              U =
  

Sk
σx

  
2

N−1
K =1

N N+1 
  Eq.III.10 

Sk =   Xi − X 

k

i=1

  Eq.III.11 

 

Where Sk is partial sum and σx is standard deviation (calculated using equation III.12) 
 

                       σx
2 =

1

N
  Xi − X 

2
N

i=1

 Eq.III.12 

 

The null hypothesis stands for no break point in time series. The rejection of null hypothesis 

means a break point in the time series. In addition to these different procedures, the building 

of a control ellipse makes it possible to analyze the homogeneity of the (xi) series (Traore, 

               Prob ( kN>k) ≈2 exp  
−6 k2

N2+N3                             Eq.III.9                                         
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2014; Hubert  and Carbonnel, 1993). 

  

III.11.1.3. Hubert Test 

 

Hubert‟s segmentation procedure detects multiple breaks in the time series (Pettitt, 1979; 

Maftei et al., 2011; Hubert and Carbonnel, 1989). The principle is to cut the time series into 

m segments (m>1) such that the calculated means of the neighboring sub-series should differ 

significantly. To limit the segmentation, the mean of two contiguous and the point of 

satisfying Scheffe‟s test should be different. The procedure gives the timing of the shifts. 

Giving a m
th 

order segmentation of the time series, ik. k = 1,... m, the rank in the initial series 

of extreme end of the k
th

 segment (with i0= 0), we defined the following by two equations: 
  

 

Xk =
 xi

i=ik
i=ik−1+1

nk
 Eq.III.13 

Dm =    Xi − Xk 
2

ik

ik−1+1

m

k=1

 Eq.III.14 

 

Dm is the quadratic deviation between the series and the segmentation. For a given 

segmentation order, the algorithm determines the optimal segmentation of a series in such a 

way that the deviation Dm is minimal. This procedure can also be interpreted as a stationary 

test, the null hypothesis being the studied series should be non-stationary. If the procedure 

doesn‟t produce acceptable segmentations of order bigger or equal to two, the null hypothesis 

is accepted (Traore, 2014; Hubert and Carbonnel, 1993). 

 

III.11.1.4. Lee and Heghinian Test 

 

The Lee and Heghinian test is based on the assumption that the series is normally 

distributed; the tests are Bayesian procedures based on equation which supposes a change in 

the series as follow: 

 

    𝑥𝑖 =  
𝜇 + 𝜀𝑖  , 𝑖 = 1 … , 𝜏

𝜇 + 𝜍 + 𝜀𝑖  , 𝑖 = 𝜏 + 1, … . , 𝑁
  

 

   Eq.III.15 

where εi are independent and normally distributed, with a mean equal to zero and a variance 

equal to σ 
2
.τ is the position in time and σ is the scope of the possible change in the mean 

(Traore, 2014, Hubert and Carbonnel, 1993). 

III.11.2. Trend analysis 

Trend is a direction of a phenomenon through a fixed period. It can be discovered by 

statistical tests which is applied to further investigate whether the trend is upward or 

downward of the data during a time period while considering the level of statistical 

significance (Longobardi and  Villani, 2009; Tabari, 2011; Kisi and  Ay, 2014; Da Silva et 

al., 2015; Gedefaw et al., 2018; Mrad et al., 2018 ). 
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III.11.2.1. Mann-Kendall (MK) Trend Test 

 

The non-parametric MK trend test is the rank-based test (Sneyers, 1975; Hamlaoui-

Moulai et al., 2013) used to assess the significance of a trend in hydro-meteorological time 

series (Gocic and Trajkovic, 2013). The statistic S of MK test is calculated as follows: 

 

 

 

Where n is the number of data points, xi and xj are the data values in the time series i and j 

(j>i), respectively, the positive value of S indicates an increasing and the negative indicates 

decreasing trend. The data values of each Xi is used as a reference point to compare with the 

data values of Xj, and sgn (xj- xi) is the sign function given as: 

 

                                

 

The variance is calculated as:  

 

                  Var s   =
n n−1  2n+5 − ti ti−1  2ti +5 P

i−1

18
                             Eq.III.18 

 

Where n is the number of data points, P is the number of tied groups, and ti is the number of 

data values in the Pth group. The standardized test statistic Z is calculated as: 

 

 

 

Positive values of ZS indicate increasing trends while negative ZS values show decreasing 

trends. The null hypothesis (H0) stands for a significant trend, and the alternative hypothesis 

(H1) represents no statistically significant trend (Sneyers, 1975; Hamlaoui-Moulai et al., 

2013). 

 

III.11.2.2. Sen’s slope estimator 

 

Sen‟s method was used for estimating the slope of detected significant trends, and the 

variance of the residuals should be constant in time. It is calculated as: 
 

             Qi =  
x j−xk

j−k
  for i = 1, … . . . . , n                                     Eq.III.20 

 

Where Xj and Xk are the data values in the times series j and k respectively; n is the number 

of time periods. 

N = n(n - 1)/2 If there is only one data in each time period  

N<n(n - 1)/2If there are multiple observations in one or more time periods.  

 

                          S =   sgn xj − xi 
n
j=i+1

n−1
i =1                                            Eq.III.16 

                        sgn xj − xi  =  
+1
0

−1

 
if xj − xi > 0

if xj − xi = 0  

if xj − xi < 0

                             Eq.III.17 

       ZS =

 
 
 

 
 

S − 1

 Var s 
 if S > 0

0  if S = 0
S + 1

 Var s 
  if S < 0

                      Eq.III.19     
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The median of Sen‟s slope estimator is calculated as follows: 

 

Qmed   =  

Q  n + 1 /2                            if n is odd

Q n
2  + Q  n + 2 /2 

2
     if n is even

                   Eq.III.21 

 

The Qmed sign reflects data trend, while its value indicates the steepness of the trend. To 

determine whether the median slope is statistically different than zero, it is necessary to 

obtain the confidence interval of Qmed at specific probability. The confidence interval about 

the time slope can be computed as follows: 

 

                      cα = Z1−α
2  Var s                                         Eq.III.22 

 

Where Var(S) is variance and Z
1-a/2

 is obtained from the standard normal distribution table 

(Sen, 1968; Gocic and Trajkovic, 2013; Da Silva et al., 2015). 

 
III.11.3. Results and discussion of variability analysis 
 

III.11.3.1. Results and discussion of change point detection (homogeneity) 
 

  

 We present in table III.17 the results of the break detection tests (Pettitt, Hubert, 

Buishand, Lee and Heghinian) for nine rainfall stations on annual scale at p = 0.01 & 0.05 

levels of statistical significance. The results showed that the Lee and Heghinian test rejected 

the null hypothesis (no break in time series) for all the stations and indicating the break point 

corresponds to 1980 for Sebdou, and Hennaya and for remaining stations in 2007. Pettitt‟s 

test did not detect any change except for Djebel Chouachi station in 1999 which is also 

confirmed by Buishand test that detected a change in 1999 and 2007 and a change was 

revealed in 2007 by Hubert test. The application of the segmentation method of Hubert leads 

to reject the null hypothesis for three stations: Djebel Chouachi, Ouled Mimoun, Sidi 

Bounakhla in 2007 and accepted the null hypothesis for other stations. 

Most changes (break) of the distribution in annual time series is detected for Djebel 

Chouachi station. This seems to be caused by the effect of characteristics of the zone where 

the station is located (such as the altitude). Djebel Chouachi station has the lowest altitude 

(110 m) and may impact the measurements representing the actual amount of rainfall in the 

area. The study of Hamlaoui-Moulai et al., 2013 has already demonstrated the relationship 

between the characterization of the zones in northwest of Algeria such as the altitude with 

rainfall on annual basis. 
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Table III.17. Results of change point detection on annual rainfall. 

Test 
Investigative 

work 
Sebdou Khemis 

Djebel 

Chouachi 
Hennaya Chouly Meurbah 

Ouled 

Mimoun 

Sidi 

Bounakhla 

Pettitt 
Conclusion 

on H0 

Accepted Accepted 

 

Rejected Accepted 

  

Accepted 

 

Accepted 

 

Accepted 

 

Accepted 

 

 Break date / / 1999
* 

/ / / / / 

Hubert 
Conclusion 

on H0 
Accepted Accepted Rejected Accepted Accepted Accepted Rejected Rejected 

 Break date / / 2007** / / / 2007** 2007** 

Buishand 
Conclusion 

on H0 
Accepted Accepted Rejected Accepted Accepted Accepted Accepted Accepted 

 Break date / / 1999,2007 / / / / / 

Lee and 

Heghinian 

Break 

probability 
0.1267 0.1380 0.2345 0.2473 0.3842 0.2183 0.5171 0.3505 

 
Conclusion 

on H0 
Rejected Rejected Rejected Rejected Rejected Rejected Rejected Rejected 

 Break date 1980 2007 2007 1980 2007 2007 2007 2007 

** at p=0.01 significant level, * at p=0.05 significant level. 

 

Figures III.35 (a, b, c), III.36 (a, b, c), III.37 (a, b, c), III.38 (a, b, c), III.39 (a, b, c), III.40 

(a, b, c), III.41 (a, b, c), and III.42 (a, b, c), respectively are uses to represent graphical results 

obtained by the khronostat software of some tests such as the Pettitt, Buishand, and Lee & 

Heghinian tests on the annual time scale. As depicted in figure III.37(a), Pettitt test rejected 

the null hypothesis at Djebel Chouachi station and indicated the date of break corresponding 

to year 1999 with the direction of rupture representing an upward for rainfall trend. The Lee 

and Heghinian test in (fig.III.35b, III.36b, III.37b, III.38b, III.39b, III.40b, III.41b, III.42b) 

showed the date of break in 2007 at Khemis, Djebel Chouachi, Chouly, Meurbah, Ouled 

Mimoun, and Sidi Bounakhla stations, and two stations Sebdou, and Hennaya have the date 

of the break in 1980. While Buishand confirmed with Djebel Chouachi station, the same date 

of break in 1999 as indicated by Pettitt test and is proposing 2007 as a further year of break, 

the two break points are followed by an upward trend of rainfall. This results lead to the 

conclusion that the rainfall time series are not homogeneous and can therefore be divided into 

three sub-series: 1979-1999, 1999-2007 and 2007-2011. 

 

(a)    (b)   
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(c)      

 

 

 

 

 
 

Figure III.35.Khronostat results of annual rainfall at Sebdou station: (a) Pettitt test; (b) 

Buishand test; (c) Lee and Heghinian test. 
 

 

(a) (b) 

(c) 

 

Figure III.36. Khronostat results of annual rainfall at Khemis station: (a) Pettitt test; (b) 

Buishand test; (c) Lee and Heghinian test. 
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(a) (b) 

(c) 

 

Figure III.37. Khronostat results of annual rainfall at Djebel Chouachi station: (a) Pettitt test; 

(b) Buishand test; (c) Lee and Heghinian test. 

 

(a) (b) 
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(c)   

 

 

 

 

 
  

Figure III.38. Khronostat results of annual rainfall at Hennaya station: (a) Pettitt test; (b) 

Buishand test; (c) Lee and Heghinian test. 
 

(a) (b) 

(c) 

 

Figure III.39. Khronostat results of annual rainfall at Chouly: (a) Pettitt test; (b) Buishand 

test; (c) Lee and Heghinian test. 
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(a)  
(b)  

(c) 

 

Figure III.40. Khronostat results of annual rainfall at Meurbah  station: (a) Pettitt test; (b) 

Buishand test; (c) Lee and Heghinian test. 

 

(a) (b) 
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(c) 

 

Figure III.41. Khronostat results of annual rainfall at Ouled Mimoun station: (a) Pettitt test; 

(b) Buishand test; (c) Lee and Heghinian test. 
  

(a) (b) 

(c) 

 

Figure III.42. Khronostat results of annual rainfall at Sidi Bounakhla station: (a) Pettitt test; 

(b) Buishand test; (c) Lee and Heghinian test. 

 

Analyzing at monthly time scale (tab.III.18) indicates rejection of the null hypothesis (no 

break) and also acceptance of null hypothesis in different months as detected by all the 

applied tests (Pettitt, Buishand, Hubert, Lee & Heghinian) leading to break points in monthly 

time series. Only the months of June, July and August with Buishand and Lee & Heghinian 

tests has not affirmed the acceptation or the rejection of the hypothesis in detecting breaks for 

all stations at any statistical significance level due to the sensitivity of the two tests by dealing 
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with level of the data variability for these months (extreme values). Except Sebdou station 

rejected the null hypothesis in August month. We conclude that the time series on rainfall are 

not homogenous because a break point was detected. 

 
 

Table III.18. Results of homogeneity test on monthly rainfall. 
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N
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A: accepted null hypothesis, R: rejected null hypothesis, NT: No Test. 
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 To complete the Hydro climatic - analysis, we applied change point detection tests 

(Pettitt and Hubert) on annual and monthly runoff. The results in table III.19 showed that 

there was a break in homogeneity of runoff time series only in Zahra station (Khemis sub 

basin) with Pettitt test on annual scale in the date break 2007 at significance level (p=0.1). 

Les results of Pettitt obtained by the khronostat software are presented in figure III.43, the 

Pettitt test rejected the null hypothesis at Zahra station and indicated the date of break 

corresponding to year 2007 with the direction of rupture representing an downward for 

rainfall trend, this break points at Zahra station lead to conclude that the runoff time series are 

not homogeneous and can therefore be divided into two sub-series: 1979-2007, and 2007-

2011. 
         

        Table III.19. Results of homogeneity test on annual runoff. 

Test 
Investigative 

work 
Sebdou Zahra Zenata Chouly 

Sidi 

Aissa 

Pettitt 
Conclusion 

on H0 
Accepted Rejected Accepted Accepted 

 

Accepted 
 

 Break date / 2007** / / / 

Hubert 
Conclusion 

on H0 
Accepted Accepted Accepted Accepted Accepted 

 Break date / / / / / 

            ** at p=0.01 significant level, * at p=0.05 significant level 
 

(a) 
(b) 
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(c)  (d) 

(e) 

 

 

Figure III.43. Pettitt results of annual runoff at the stations: (a) Sebdou; (b) Zahra; (c) Zenata; 

(d) Chouly; (e) Sidi Aissa. 

 
 For monthly time step, the application of the tests of Pettitt and Hubert (tab.III.20) on 

runoff are indicating the date of break of October in 1986 and 1987 at Sebdou station, and 

2007 and 2009 at Zenata station with Hubert test, while on December detect two break points 

in 2008 and 2009 at Chouly. The month of February indicates common break point in 1987 

with Hubert at all stations except Sidi Aissa. The date of break 2007 was detected with Pettitt 

on May, June, and July at Zahra. At the same station, the data of break 1994 was detected 

with both tests on August, while multi break points for the months of April in 1991 and 1992, 

June in 1995 and 1996, and July in 1989 and 1997. The both tests on the month of 

September, November, January, and March accepted the null hypothesis, we conclude that 

the time series on runoff are homogenous because no break point was detected. 

     Table III.20. Results of homogeneity test on monthly runoff. 

Month Test 
Investigative 

work 
Sebdou Zahra Zenata Chouly 

Sidi 

Aissa 

September 

Pettitt 
 

Conclusion 

on H0 
Accepted Accepted Accepted Accepted Accepted 

Break date / / / / / 

Hubert 

Conclusion 

on H0 
Accepted Accepted Accepted Accepted Accepted 

Break date / / / / / 
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October 

Pettitt 
 

Conclusion 

on H0 
Accepted Accepted Accepted Accepted Accepted 

Break date / / / / / 

Hubert 

Conclusion 

on H0 
Rejected Accepted Rejected Accepted Accepted 

Break date 
1986*** 

1987*** 
/ 

2007*** 

2009*** 
/ / 

November 

Pettitt 
 

Conclusion 

on H0 
Accepted Accepted Accepted Accepted Accepted 

Break date / / / / / 

Hubert 

Conclusion 

on H0 
Accepted Accepted Accepted Accepted Accepted 

Break date / / / / / 

December 

Pettitt 
 

Conclusion 

on H0 
Accepted Accepted Accepted Accepted Accepted 

Break date / / / / / 

Hubert 

Conclusion 

on H0 
Accepted Accepted Accepted Rejected Accepted 

Break date / / / 
2008*** 

2009*** 
/ 

January 

Pettitt 
 

Conclusion 

on H0 
Accepted Accepted Accepted Accepted Accepted 

Break date / / / / / 

Hubert 

Conclusion 

on H0 
Accepted Accepted Accepted Accepted Accepted 

Break date / / / / / 

February 

Pettitt 
 

Conclusion 

on H0 
Accepted Accepted Accepted Accepted Accepted 

Break date / / / / / 

Hubert 

Conclusion 

on H0 
Rejected Rejected Rejected Rejected Accepted 

Break date 1987*** 1987*** 1987*** 

1986*** 

1987*** 

2008*** 

2009*** 

/ 

March 

Pettitt 
 

Conclusion 

on H0 
Accepted Accepted Accepted Accepted Accepted 

Break date / / / / / 

Hubert 

Conclusion 

on H0 
Accepted Accepted Accepted Accepted Accepted 

Break date / / / / / 

April 

Pettitt 
 

Conclusion 

on H0 
Accepted Accepted Accepted Accepted Accepted 

Break date / / / / / 

Hubert 

Conclusion 

on H0 
Accepted Rejected Accepted Accepted Accepted 

Break date / 1991,1992*** / / / 

May 

Pettitt 
 

Conclusion 

on H0 
Accepted Rejected Accepted Accepted Accepted 

Break date / 2007** / / / 

Hubert 

Conclusion 

on H0 
Accepted Accepted Accepted Accepted Accepted 

Break date / / / / / 

June 

Pettitt 
 

Conclusion 

on H0 
Accepted Rejected Accepted Accepted Accepted 

Break date / 2007** / / / 

Hubert 
Conclusion 

on H0 
Accepted Rejected Accepted Accepted Accepted 



Chapter III                                  Variability and Trend Analysis of Hydro- Climatic Variables 

129 
 

Break date / 
1995*** 

1996 *** 
/ / / 

July 

Pettitt 
 

Conclusion 

on H0 
Accepted Rejected Accepted Accepted Accepted 

Break date / 2007** / / / 

Hubert 

Conclusion 

on H0 
Accepted Rejected Accepted Accepted Rejected 

Break date / 
1989*** 

1997*** 
/ / 

1986*** 

1987*** 

August 

Pettitt 
 

Conclusion 

on H0 
Accepted Rejected Accepted Accepted Accepted 

Break date / 1994*** / / / 

Hubert 

Conclusion 

on H0 
Accepted Rejected Accepted Accepted Accepted 

Break date / 1994*** / / / 

     ** at p=0.1 significant level, * at p=0.05 significant level, *** at p=0.01 significant level 

 
 

The tests (Pettitt, Buishand, Lee and Heghinian, Hubert) are applied on annual 

temperature and presented in table III.21 and figure III.44, III.45. The date of break in 1996 

was detected with Pettitt, Hubert, and Buishand tests at Beni Bahdel, and at Zenata with 

Pettitt and Buishand. Only Lee & Heghinian has detected the date of 2008 as break point at 

Beni Bahdel and Zenata, while the same date was detected only with Hubert at Zenata. The 

results showed that the rejection of the null hypothesis with all tests at both stations indicated 

that the time series on temperature are not homogenous because a break point was detected 

(1996 and 2008), thus the annual time series of temperature can be divided into two sub 

series: 1979-1996, 1996-2010, or 1979-2008, 2008-2010. 

Table  III.21. Results of homogeneity test on annual temperature. 

 

 

Station 

Investigative 

work 

Test 

 

Pettitt 
 

Hubert Buishand 
Lee and 

Heghinian 

 

Beni Bahdel 

Conclusion on 

H0 
Rejected Rejected Rejected Rejected 

Break date 1996*** 1996*** 1996*** 2008 

 

Zenata 

Conclusion on 

H0 
Rejected Rejected Rejected Rejected 

Conclusion on 

H0 
1996* 2008*** 1996*** 2008*** 

** at p=0.1 significant level, * at p=0.05 significant level, *** at p=0.01 significant level 
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(a) (b) 

(c) 

 

Figure III.44. Khronostat results of annual temperature at Beni Bahdel station: (a) Pettitt test; 

(b) Buishand test; (c) Lee and Heghinian test. 

  

(a) (b) 
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(c) 

 

 

 

 

 

 

 

Figure III.45. Khronostat results of annual temperature at Zenata station: (a) Pettitt test; (b) 

Buishand test; (c) Lee and Heghinian test. 

 
 

 The application of the tests on monthly temperature (tab.III.22) showed different 

results between the rejection of the null hypothesis (no break) or the acceptance with different 

dates of break from test to test of each month may due to the data variability of these months 

a during the time series indicating inhomogeneity (existence of the extreme values). 

Table III.22. Results of homogeneity test on monthly temperature. 

Stations Test 
Investigative 

work 
Sep Oct Nov Dec Jan Feb Mar Ap May Jun Jul Aug 

B
e
n

i 
 B

a
h

d
el

 

 

P
e
tt

it
t 

 

Conclusion on 

H0 
R A A A A A R A A R R A 

Conclusion on 
H0 

1992

** 
/ / / / / 1995 / / 1996 2001 / 

H
u

b
e
r
t 

 

Conclusion on 

H0 
R A A A A A R R R R R R 

Conclusion on 

H0 

1992

*** 

1996

*** 

/ / / / / 
1995

*** 

2008**

* 

1984**

* 

1990 

1991**

* 

2001**

* 

2009**

* 

B
u

is
h

a
n

d
 

 

Conclusion on 

H0 
A A A A R A R R R R R R 

Conclusion on 

H0 
/ / / / 1994 / 

1995

** 
2008 1984** 1996** 2001* 2009** 

L
e
e 

a
n

d
 

H
eg

h
in

ia
n

 

 

Conclusion on 
H0 

A R R R R R R R R R R R 

Conclusion on 

H0 
/ 2000 1979 2008 2009 2010 1995 2008 1984 1996 2001 2009 

Z
e
n

a
ta

 

 

P
e
tt

it
t 

 

 

Conclusion on 
H0 

R A A A A A R A A R A A 

Conclusion on 
H0 

2009 / / / / / 1995 / / 1996** / / 

H
u

b

e
r
t 

 

Conclusion on 
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III.11.3.2. Results and discussion of Trend analysis 

The results of the MK test presented by table III.23 on the annual time scale at 

different levels of statistical significance (p=0.01, 0.05 and 0.1) over period 1979/1980-

2011/2012 show no statistically significant trend for all the rainfall stations, suggesting that 

the distribution evolution of rainfall totals has not changed over time, which is similar to the 

results of the  study by (Zeroual et al., 2017). The theil-Sen‟s estimator, the magnitudes of the 

insignificant trends were determined to be in the range between - 0.038 mm/year at Sebdou 

station to 0.403 mm /year at Khemis station.  

 

Table III.23. Results of  Mann-Kendall test and Sen's method on annual rainfall. 
 

Z: Mann-Kendall test, Q: Sen's slope estimator 
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Conclusion on 
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Conclusion on 

H0 
2000 2000 1979 2008 1994 2010 1995 2008 1984 1996 2008 2009 

Test 
Time 

series 
Sebdou Khemis 

Djebel 

Chouachi 
Hennaya Chouly Meurbah 

Ouled 

Mimoun 

Sidi 

Bounakhla 

Test 

Z 
Annual -0.20 1.35 / 0.26 0.39 1.26 1.04 0.54 

Q Annual -0.038 0.403 / 0.049 0.061 0.199 0.175 0.090 
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Figure III.46. Annual time series and significant trend statistics of rainfall. 

 
Monthly rainfall has statistically significant increasing trends for Sebdou, Khemis, 

Meurbah, Ouled Mimoun, Sidi Bounakhla, Chouly and Hennaya stations. Sebdou station 

shows significant increasing trend for the months August (1.71 mm/month at p=0.1) 

September (2.56 mm/month at p=0.05) and October (2.17 mm /month at p=0.05), whereas 

Khemis station for the months September (2.93 mm/month at p=0.01) and October (2.59 

mm/month at p=0.01). Ouled Mimoun and Sidi Bounakhla stations feature also significant 

increasing trend for the months September (1.83 mm/month at p=0.1, 1.94 mm/month at 

p=0.1, respectively) and October (2.47 mm/month at p=0.05, 2.73 mm/month at p=0.01, 

respectively). Meurbah station shows significant increasing trends for the month of August 

(2.29 mm/month at p=0.05), September (2.08 mm/month at p=0.05) and October (3.04 

mm/month at p=0.01). Chouly and Hennaya station show significant increasing trend for the 

month of October (1.77 mm/month at p=0.1, 2.53 mm/month at p=0.05, respectively). We 
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conclude that most of the stations with significant increasing trends, this increase is occurring 

in the months of August, September and October. Furthermore, the maximum number of 

significant increasing trends of rainfall in these months (August, September and October) was 

found at Sebdou and Meurbah stations. In contrast, no significant trend was detected at 

Djebel Chouachi station. The results are shown in table III.24 and appendix .2. 
 

Table III.24. Results of Mann-Kendall test and Sen's method on monthly rainfall. 

Z: Mann-Kendall test, Q: Sen's slope estimator,+ if trend at ≤ 0.1 level of significance, * if trend at ≤ 

0.05 level of significance, ** if trend at ≤ 0.01 level of significance. 

 
Similar to the monthly time series, increasing trends were also detected at seasonal scale 

(tab.III.25). Autumn season (September, October, November) indicated an increasing rainfall 

trend for Khemis (2.43mm/month at p=0.05), Chouly (2.06 mm/month at p=0.05), Ouled 

Mimoun (2.56 mm/month at p=0.05), Sidi Bounakhla (2.25 mm/month at p=0.05), Hennaya 

(2.68 mm/month at p=0.01) and Meurbah (2.76 mm/month at p=0.01). However, as an 

exception, Sebdou has no significant trend. For the other seasons: spring (March, April and 

May), summer (June, July and August) and winter (December, January and February) no 

statistically significant trend was revealed. We validated the results that show increasing 

trend of Mann-Kendall test with Sen‟s method which confirmed near-zero or positive slopes 

that displays an increasing trend almost for all the stations for the months (August, September 

and October) and the autumn season. Rainfall trend seems to be rising at the end of the time 

series as depicted in figure III.47, III.48, III.49, III.50, III.51, III.52, III.53, and III.54. 

Test 
Time 

series 
Sebdou Khemis 

Djebel 

Chouachi 
Hennaya Chouly Meurbah 

Ouled 

Mimoun 

Sidi 

Bounakhla 

 

 

 

 

 

Test 

Z 

January 0.39 0.37 -0.26 1.27 0.99 0.84 0.34 0.81 

February 0.00 0.06 0.96 -1.05 0.02 0.26 -0.03 0.50 

March -0.70 -0.29 0.22 -0.56 -0.15 -0.88 -0.22 -0.85 

April 0.88 1.27 -0.56 0.67 1.10 1.63 1.46 1.08 

May -0.50 0.96 1.32 -0.48 0.23 0.82 -0.19 -0.28 

June -0.03 0.29 0.00 0.48 0.03 0.06 -1.00 -0.21 

July 0.14 0.81 / 0.79 0.31 0.57 0.26 0.43 

August 1.71+ 0.53 / -1.20 1.55 2.29* 1.52 1.58 

September 2.56* 2.93** / 1.36 1.63 2.08* 1.83+ 1.94+ 

October 2.17* 2.59** / 2.53* 1.77+ 3.04** 2.47* 2.73** 

November -0.64 0.11 / 1.27 0.08 1.24 0.98 0.67 

December -1.53 -0.48 / -0.67 -0.88 -0.91 -1.19 -0.98 

 

 

 

 

 

 

Q 

January 0.211 0.182 -0.060 0.513 0.622 0.420 0.162 0.440 

February 0.009 0.064 0.654 -0.602 0.000 0.139 -0.021 0.313 

March -0.403 -0.165 0.108 -0.329 -0.123 -0.489 -0.103 -0.275 

April 0.267 0.646 -0.135 0.388 0.589 0.800 0.593 0.485 

May -0.131 0.317 0.403 -0.229 0.097 0.260 -0.031 -0.083 

June 0.000 0.000 0.000 0.009 0.000 0.000 0.000 0.000 

July 0.000 0.000 / 0.000 0.000 0.000 0.000 0.000 

August 0.200 0.000 / -0.019 0.024 0.181 0.020 0.005 

September 0.677 0.633 / 0.389 0.416 0.653 0.496 0.466 

October 1.119 1.116 / 1.238 0.811 1.534 1.062 0.961 

November -0.340 0.077 / 0.743 0.071 0.702 0.553 0.275 

December -0.702 -0.194 / -0.363 -0.709 -0.438 -0.331 -0.460 
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Table III.25.  Results of Mann-Kendall test and Sen's method on seasonal rainfall. 

Test 
Time 

series 
Sebdou Khemis 

Djebel 

Chouachi 
Hennaya Chouly Meurbah 

Ouled 

Mimoun 

Sidi 

Bounakhla 

T
es

t 
Z

 

Spring -0.60 0.85 / -0.67 0.26 0.43 0.02 -0.54 

Summer 0.60 0.30 / 0.03 -0.03 0.48 -0.06 0.25 

Autumn 0.85 2.43* / 2.68** 2.06* 2.76** 2.56* 2.25* 

Winter -0.45 -0.17 / -0.51 -0.26 -0.45 -0.29 0.00 

Q
 

Spring -0.265 0.427 / -0.353 0.071 0.104 0.010 -0.110 

Summer 0.059 0.000 / 0.000 0.000 0.033 0.000 0.003 

Autumn 0.320 0.858 / 0.959 0.574 0.895 0.755 0.611 

Winter -0.265 -0.118 / -0.233 -0.081 -0.187 -0.134 -0.001 

Z: Mann-Kendall test, Q: Sen's slope estimator,+ if trend at ≤ 0.1 level of significance, * if trend at ≤ 

0.05 level of significance, ** if trend at ≤ 0.01 level of significance. 

 

    

    

 

Figure III.47. Seasonal time series and significant trend statistics of rainfall at Khemis. 
 



Chapter III                                  Variability and Trend Analysis of Hydro- Climatic Variables 

136 
 

    

       

            

           Figure III.48.Seasonal time series and significant trend statistics of rainfall at Djebel Chouachi 

station. 
 

  

  

    

    Figure III.49.Seasonal time series and significant trend statistics of rainfall at Hennaya station. 
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Figure III.50. Seasonal time series and significant trend statistics of rainfall at Chouly station. 
 

    

     

Figure III.51.Seasonal time series and significant trend statistics of rainfall at Meurbah station. 
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Figure III.52. Seasonal time series and significant trend statistics of rainfall at Ouled Mimoun 

station. 
 

 

    

    

     Figure III.53.Seasonal time series and significant trend statistics of rainfall at Sidi Bounakhla station. 
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Figure III.54. Seasonal time series and significant trend statistics of rainfall at Sebdou station. 

 
Results of the MK test for annual trends of runoff for the period 1985 to 2010 are 

shown in table III.26. All the stations exhibit no statistically significant trends with the 

exception of Zahra showed significant negative trend (Z= -2.51 m
3
/s) at p=0.05, which 

indicate the decreasing tendency of annual runoff which reveal the presence of dry periods in 

the time series. The significant magnitudes of Sen‟s estimator at Zahra were determined 

negative slope - 0.018 that displays a decreasing trend, where it seems to be decline at the end 

of the time series (fig.III.55). 

 

 Table III.26. Results of Mann-Kendall test and Sen's method on annual runoff. 

 Z: Mann-Kendall test, Q: Sen's slope estimator, * if trend at ≤ 0.05 level of significance. 
 

Test Time series Sebdou Zahra Zenata Chouly Sidi Aissa 

 Test Z Annual 
0.18 

 

-2.51* 

 

-0.42 

 

-1.28 

 

-1.52 

 

Q Annual 
0.001 

 

-0.018 

 

-0.001 

 

-0.002 

 

-0.006 
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Figure III.55. Annual time series and significant trend statistics of runoff. 

 

 

In the analysis of trend runoff by month, 3 stations of the 5 stations show statistically 

significant trends (tab.III.27), where Zahra station shows significant decreasing trend for the 

months November, December, January, June, July, and August at 0.01 level of significance 

with values of -3.25, -3.38, -3.18, -3.23, -4.60, -4.57 m
3
/s respectively, while at 0.05 level of 

significance with the values of -2.52, -2.54, -2.05, -2.34, -2.50 m
3
/s for months September, 

October, February, April, and May respectively, only the month of March showed significant 

decreasing trend of -1.79 m
3
/s at 0.1 level of significance. Whereas Chouly and Sidi Aissa 

were the only two stations indicating significant increasing trend, the first station in the 

months September (1.68 m
3
/s), and the second one in October (1.70 m

3
/s) at 0.1 level of 

significance. The rest of the runoff stations Sebdou, and Zenata showed no significant trends 

of runoff. Sen‟s monthly trend test presents the estimation of magnitudes slopes for 
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significance trends (per month), displays the downward the trend in monthly time series for 

the stations that showed the significant decreasing trends, and the upward trends of the 

stations that showed the significant increasing trends in appendix .3. 

 Table III.27. Results of Mann-Kendall test and Sen's method on monthly runoff. 

Z: Mann-Kendall test, Q: Sen's slope estimator,+ if trend at ≤ 0.1 level of significance, * if trend at 

≤0.05 level of significance, ** if trend at ≤ 0.01 level of significance. 

 

 The seasonal trends in runoff time series as depicted in (tab.III.28) showed all the 

stations did not have any significant trend, there exist both insignificant negative trend (~ 58 

%) and insignificant positive trend (~ 42 %), displays insignificant increasing and decreasing 

trends as shown in (fig.III.56, III.57, III.58), except Zahra station which indicates significant 

negative trends in summer, autumn, and winter at 0.01 level of significance with values -3.95, 

-2.82, and -3.09 m
3
/s, respectively, while at  0.05 level of significance with value -1.98 m

3
/s 

in spring, displays the downward of runoff trend in season time series (fig.III.56) with the 

magnitudes slopes (per month) estimated between -0.006 (in summer) and -0.025 (in spring). 

The only significant increasing trend was defined in autumn at Sidi Aissa station with a value 

Test Time series Sebdou Zahra Zenata Chouly Sidi Aissa 

Test Z 

January -0.42 -3.18 ** 0.86 -0.49 0.24 

February -0.27 -2.05 * 0.40 -0.67 -0.60 

March -0.53 -1.79 + -0.93 -0.84 -0.09 

April -0.71 -2.34* 0.15 -0.75 0.15 

May -0.31 -2.50* 0.20 -0.16 0.00 

June -0.65 -3.23** -0.02 -0.35 0.82 

July -0.43 -4.60** -1.00 0.45 -0.42 

August 0.97 -4.57** -0.97 1.12 0.78 

September 1.11 -2.52* -0.39 1.68 + 0.62 

October 1.48 -2.54* 0.61 0.38 1.70 + 

November 0.42 -3.25** 0.55 0.38 1.39 

December 0.58 -3.38** 1.49 0.16 0.46 

Q 

January -0.001 -0.014 0.001 0.000 0.001 

February -0.001 -0.017 0.001 -0.001 -0.004 

March -0.002 -0.029 -0.003 -0.002 -0.002 

April -0.001 -0.016 0.000 -0.001 0.001 

May 0.000 -0.009 0.000 0.000 0.000 

June 0.000 -0.008 0.000 0.000 0.000 

July 0.000 -0.006 0.000 0.000 0.000 

August 0.000 -0.005 0.000 0.000 0.000 

September 0.001 -0.005 0.000 0.000 0.000 

October 0.004 -0.007 0.000 0.000 0.005 

November 0.000 -0.013 0.001 0.000 0.008 

December 0.000 -0.017 0.002 0.000 0.003 
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of 1.70 at a 0.1 level of significance with a magnitude slope estimated at 0.009, showing 

increasing trend at the end of the autumn time series (fig.IV.64). 

 

Table III.28. Results of Mann-Kendall test and Sen's method on seasonal runoff. 

Test Time series Sebdou Zahra Zenata Chouly Sidi Aissa 

Test Z 

Spring -0.18 -1.98* -1.41 -0.64 -0.42 

Summer 0.04 -3.95** -0.30 0.67 0.02 

Autumn 1.46 -2.82** 1.24 0.86 1.70+ 

Winter -0.02 -3.09** 0.15 -0.93 -1.17 

Q 

Spring -0.001 -0.025 -0.003 -0.003 -0.003 

Summer 0.000 -0.006 0.000 0.000 0.000 

Autumn 0.003 -0.008 0.002 0.000 0.009 

Winter 0.000 -0.016 0.001 -0.001 -0.008 

Z: Mann-Kendall test, Q: Sen's slope estimator,+ if trend at ≤ 0.1 level of significance, * if trend at ≤ 

0.05 level of significance, ** if trend at ≤ 0.01 level of significance. 
 

    

      

 

Figure III.56.Seasonal time series and significant trend statistics of runoff at Zahra station. 
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Figure III.57. Seasonal time series and significant trend statistics of runoff at Zenata station. 
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Figure III.58. Seasonal time series and significant trend statistics of runoff at Chouly station. 
 

  

    

    

 

Figure III.59. Seasonal time series and significant trend statistics of runoff at Sidi Aissa 

station. 
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Figure III.60. Seasonal time series and significant trend statistics of runoff at Sebdou station. 
 
 

 The trend analysis of annual temperature was summarized in (tab.III.29) between 

1979 and 2010. Positive trends were found at both temperature stations (Beni Bahdel, 

Zenata), and are considered statistically significant at p= 0.1 confidence level at Beni Bahdel 

station with a value of 1.93 °C, and at statistically significant p= 0.05 confidence level at 

Zenata station with the value of 2.55 °C. The two stations were dominated by the increasing 

trend of annual temperature. The magnitude of the slope for the positive trend in annual 

temperature (fig.III.61) found for Beni Bahdel station (0.096 °C per year) is greater than 

Zenata station (0.036 °C per year). 

Table III.29. Results of Mann-Kendall test and Sen's method on annual temperature. 

Test Time series Beni Bahdel Zenata 

 Test Z Annual 1.93+ 
 

2.55* 
 

Q Annual 0.096 
 

0.036 

Z: Mann-Kendall test, Q: Sen's slope estimator,+ if trend at ≤ 0.1 level of significance, * if trend at ≤ 

0.05 level of significance, ** if trend at ≤ 0.01 level of significance. 
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Figure III.61. Annual time series and significant trend statistics of temperature. 
 

 The results of the trend on monthly temperature (tab.III.30) for Beni Bahdel station 

illustrate significant positive and negative trends which were mostly positive (~ 71%) in July, 

August, and September (4.32, 4.67, and 3 °C, respectively) at a statistically significant level 

p= 0.01, and in June and October (3.02, and 1.72 °C, respectively at a statistically significant 

level p=0.05 and p= 0.1, respectively), for significant negative trends, were observed in 

December and January (-1.98 and -2.11 °C, respectively at a statistically significant level 

p=0.05). While Zenata station showed only significant positive trends in March and April 

(1.95 and 1.67 °C) at a statistically significant level p=0.1, and in May, June (2.08 and 1.96 

°C) at a statistically significant level p=0.05. The rest of the months showed insignificant 

positive (~ 40, 75 % at Beni Bahdel and Zenata respectively), and negative trends. The 

significant magnitude of slopes was estimated between -0.217 to 0.579 at Beni Bahdel 

station, and between 0.046 to 0.085 at Zenata station. The results were similar to the annual 

trend pattern, where the two stations dominated by the increasing trend. The upward trends of 

the stations that showed the significant increasing trends are presented in appendix .4.  
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Table III.30. Results of Mann-Kendall test and Sen's method on monthly temperature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Z: Mann-Kendall test, Q: Sen's slope estimator,+ if trend at ≤ 0.1 level of significance, * if trend at ≤ 

0.05 level of significance, ** if trend at ≤ 0.01 level of significance. 
 

On the seasonal time series (tab.III.31), Beni Bahdel station showed a significant 

positive trend in summer and autumn (4.10, 2.21 °C at p=0.01, p=0.05 respectively) with the 

magnitude of slopes 0.39 and 0.117, respectively, display increasing in temperature in these 

seasons (fig.III.62), the only season of winter showed a decreasing trend (-1.78 °C) at 

statistically significant level p=0.1. Zenata station indicates a significant positive trend in 

spring and summer (3 and 2.14 °C at p=0.01 and p=0.05, respectively) with slopes of 0.062 

and 0.053, respectively, display rising at the end of time series (fig.III.63). 

 

 

 

Test Time series Beni Bahdel Zenata 

 

 

 

 

 

 

 

Test Z 

January -2.11* 1.38 

February -1.52 0.58 

March -0.37 1.95+ 

April 1.05 1.67+ 

May 1.39 2.08* 

June 3.02* 1.96* 

July 4.32** 1.64 

August 4.67** 1.46 

September 3.00** -1.35 

October 1.72+ 1.14 

November -0.81 -0.75 

December -1.98* 0.78 

 

 

 

 

 

 

 

Q 

January -0.191 0.055 

February -0.116 0.026 

March -0.029 0.046 

April 0.087 0.051 

May 0.142 0.085 

June 0.300 0.066 

July 0.416 0.060 

August 0.579 0.048 

September 0.302 -0.042 

October 0.194 0.052 

November -0.050 -0.026 

December -0.217 0.020 
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 Table III.31. Results of Mann-Kendall test and Sen's method on seasonal temperature. 

 

 

 

 

 

 

 

 

 

 

 

Z: Mann-Kendall test, Q: Sen's slope estimator,+ if trend at ≤ 0.1 level of significance, * if trend at ≤ 

0.05 level of significance, ** if trend at ≤ 0.01 level of significance. 
 

    

    

 

Figure III.62. Seasonal time series and significant trend statistics of  temperature at Beni 

Bahdel station. 
 

Test Time series Beni Bahdel Zenata 

 

 

Test Z 

Spring 1.25 3.00** 

Summer 4.10** 2.14* 

Autumn 2.21* -0.45 

Winter -1.78+ 1.25 

 

 

Q 

Spring 0.094 0.062 

Summer 0.390 0.053 

Autumn 0.117 -0.011 

Winter -0.142 0.035 
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Figure III.63. Seasonal time series and significant trend statistics of temperature at Zenata 

station. 
 

 
 

The occurrence toward showing a positive trend of rainfall in autumn can be 

explained by the positive anomalies in the rainfall amount that was experienced in areas of 

North Africa (Dünkeloh and Jacobeit, 2003; Philandras et al., 2011; Donat et al., 2014; 

Tramblay et al.,2012) which is related to the influence of a negative trend of the North 

Atlantic oscillation (NAO) (Rimbu et al, 2001), the cyclones entering the basin from the 

North Atlantic are, together with regional cyclogenesis, one of the main sources of winter 

rainfall (Ulbrich et al., 1999; Rogers, 1997), and increased the occurrence of catastrophic 

torrential rains tend to occur in the rainy period (October–March) along coastlines with heavy 

orography, of the last few decades and especially becoming stronger during the 1980s and 

1990s (Dünkeloh and Jacobeit, 2003). This negative phase is related to storm tracks 

represented in the pressure associated with the lower Azores height compared to the normal 

value and, at the same time, the Icelandic Low is formed. Contributing to the creation of a 

depression traffic mode corresponds to drawing further south and, thus, affects the 

Mediterranean regions of the south shore, which gets wetter (Nouaceur and Mursrescu, 

2016a). This is described by an increase in the amount of rainfall. The NAO index is found to 

be stronger, which affects the Southwestern Mediterranean region than the El Nino Southern 

Oscillation ENSO index that was found to be more significant toward the eastern parts of the 

Mediterranean. This is to be expected considering the relative proximity of the areas in which 
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these two modes of variability act (Donat et al., 2014). The increase of rainfall is 

corresponding with temperature extremes, which are found to be strongly connected to the 

NAO index, where the negative period of this index is associated with higher temperature 

extremes (Donat et al., 2014, Báez et al., 2019), and that, in general, affect West Africa in the 

Mediterranean region. While the study of (Pozo Vazquez et al 2001) found influence of NAO 

on the Mediterranean temperature was weak, especially in the cold season was affected by 

extra tropical atmospheric circulation patterns with poor correlation than for rainfall, whereas 

showed a negative correlation between temperatures and the WeMOI index (Western 

Mediterranean Oscillation) which is a measure of pressure variation in the western part of the 

Mediterranean basin reflecting the movement of tropical (Azores anticyclone) and temperate 

(Central European anticyclone) air, that was confirmed with study of (Zeroual et al., 2017) 

which found negative correlation indicates that the positive phase of WeMOI corresponds 

with relatively high temperatures, and this what has monitored in study time series, where 

were observed an increase in temperature after the breakpoints in 1996 and 2008 due to 

increase in temperature in the summer season which caused by blocking conditions, 

subsidence, stability, a warm lower troposphere and positive Mediterranean SSTs (Xoplaki et 

al., 2003; Lionello et al.,2004; Luterbacher et al., 2004), and the predominance of warm 

tropical air associated with the Azores anticyclone (Martin-Vide and Lopez-Bustins, 2006). 

This increase of temperature was confirmed with previous studies (Fontaine et al., 2013, 

Donat et al., 2014; Baahmed et al., 2015). 

 The heavy floods of the Tafna catchment located in the western part of Algeria are 

generally occurring in autumn and spring. This is due to the north-westerly rainy winds 

loaded with moisture from the Mediterranean. Since the 1980s, the NAO index shows an 

opposite sign indicating that the negative phase of this index is associated with the increase in 

the number of rainy days (the probability for wet months is around 42-52% for a negative 

NAO) (Muñoz-Díaz, D.; Rodrigo, 2003), which can be understood as the result of warming 

over the Northern Atlantic Ocean, which draws rains, especially in the wet season in the 

region (October–March) (Philandras et al.,2011). The significantly negative correlations 

between NAO index and rain days appear only within the Western Mediterranean. This is in-

line with the study of Reference (Ketrouci et al., 2012) that reported most of the seasonal 

floods recorded in Upstream Sebdou sub basin were during the autumn and spring seasons 

with the largest recording of these floods in September by (22%). Records from the Isser sub 

basin reveal that more than 55% of its floods in autumn and spring are concentrated in the 

two months , i.e., September and March, respectively, the results confirmed with our study, 

there was an observed increase of runoff in autumn with Sidi Aissa station following an 

increased runoff in September. Topographic features consisting of steep slopes and a 

discontinuous vegetal cover create an environment conducive to high floods by intense rain 

in autumn for flushing the sediment accumulated on the exposed soils after the dry summer 

season (Megnounif et al.,2007). The decreases in runoff were observed in Zahra station with 

a downward trend of runoff at different time scale (annual, monthly, seasonal) detected by the 

Mann-Kendall test and Sen‟s method which was also detected with the Pettitt test after 

breakpoint 2007. The decline in runoff was observed in several studies was applied in our 

regions such as the study of (Baahmed et al., 2015; Boulariah et al., 2017; Hallouz et al., 

2019; Charifi Bellabas et al., 2020; Khedimallah et al.,2020),  and (Zettam et al., 2017) which 
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showed the decrease in a runoff with a rate of 18 % of the basin surface, could be attributed 

to increase in the temperature, which were observed rising in temperature in study time series 

with decrease of runoff, also was found in the study of (Baahmed et al., 2015). While other 

study of (Laborde et al. 2010) in northern Algeria, was found  a decrease in 15% in rainfall 

resulted in 40% reduction in runoff, while the study of (Khedimallah et al.,2020) in 

northwestern of Algeria, where the change a 10% in rainfall ensues in around 16–25% 

variation in runoff, and a considerable reduction in the quantity of water arriving at the outlet 

of the Tafna between 2003 and 2013 may affect the irrigated agricultural zone which mostly 

depends on the water of the basin (Zettam et al., 2017). 

 

 The previous studies on rainfall variability in the northwestern region of Algeria 

reported the drought in the forties of the last century and revealed a decrease in spring rain as 

a potential reason (Belarbi et al., 2016; Matari and Douguedroit, 1995). 1944 is characterized 

as a wet year and the two wettest decades follow in the 1950s and 1960s (Meddi et al., 2010). 

Drought decade in the 1970s was detected by (Belarbi et al., 2016, Meddi et al., 2010, 

Ghenim et al., 2010) in the Tafna basin. This decreasing trend is also evident in the 

Mediterranean region of northern Morocco (Meddi et al.,2010, Knippertz et al., 2003) and 

can be explained by a change in atmospheric circulation (Meddi et al.,2010; Wang et 

al.,2009). The situation is changing with having the wet year 1975, followed by a dry year in 

1976 (Ghenim et al., 2010), and then the occurrence of the two driest decades 1980‟s and 

1990s (Belarbi et al., 2016, Meddi et al., 2010, Bouragba, 2006). Especially in the 1980s, the 

dry level is due to a decrease in winter rainfall (Belarbi et al., 2016, Matari and Douguedroit, 

1995) and back the fluctuation again to the wet years after the break date at 2007 which is 

driven by an increase of rainfall trend in autumn generating runoff leading to the heavy 

floods which can be qualified as moderate to high compared with the results found in the 

major rivers of Europe and Africa (Ketrouci et al., 2012). This is confirmed by our study 

results with the Mann-Kendall test and Sen‟s method that indicated a significant increasing 

trend for rainfall in September and October (representing autumn season). In contrast, 

Meurbah station, located at a high altitude (1100 m), showed a significant increasing trend of 

monthly rainfall in August, September, and October and featured an upward trend in the total 

mean of rainfall, Flood events are accompanied by erosion and suspended loads leading to 

sedimentation in riverbeds and siltation in reservoirs and in turn causing serious problems by 

affecting the manageable storage as well as the service life of dams. Thus, we should 

consider re-thinking of flood management structures, strengthening options to adapt to 

drought periods and water conservation practices in the basin. In order to provide sound 

information for designing and operating these structures, monitoring networks need to be 

improved. 

The Mann-Kendall test did not show any significant trend for the Djebel Chouachi station in 

the time series of annual, monthly, and seasonal rainfall data and these results do not interpret 

any specific regional behavior. 

 In general, the majority of the change point detection tests showed that the Djebel 

Chouachi station has a significant change while the trend test showed no statistical significant 

trend. This is likely due to the low location of the station (110 m), where the results of the 
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study of (Bakreti et al.,2013) showed a relationship between the altitude and the rainfall 

amount. It was explained that the spatial rainfall was affected by the altitude gradient, where 

the lower stations have a lower amount of rainfall in the Tafna basin. Thus, it does not show 

an increase or decrease in the region. 

III.12. Conclusion 

The presented study is based on Hydro-climatic data collected from five sub basins of 

the Tafna basin and covers for rainfall the time period between 1979/1980 and 2011/2012, 

and a runoff between 1985/1986 and 2010/2011, temperature between 1979/1980 and 

2010/2011, to analyze the characteristics on different time steps: annual, seasonal and 

monthly, starting with preliminary analysis (We include in this section the time step daily for 

the hydro-climatic variables, in addition to the evapotranspiration analyse), change points 

detection tests, trend analysis. 

 The Lee and Heghinian test detected two significant break dates for an annual time 

scale in rainfall, i.e., in 1980 for Sebdou, and Hennaya stations and the rest of the stations in 

2007. For the single station Djbel Chouachi, a break date was revealed in 1999 with Pettitt 

and Buishand tests, whereas the trend test showed no significant trend at the same station, 

which can be explained by the multi breakpoint at the rainfall time series not indicating any 

increase or decrease of a rainfall trend. According to the Hubert test, the break date for Djebel 

Chouachi, Ouled Mimoun, and Sidi Bounakhla station was in 2007. The same year of 2007 

was detected in runoff time series at Zahra station showing downward, was confirmed with 

Mann-Kendall test and Sen‟s method on monthly and seasonal time steps, this decrease in 

runoff is likely to be due to an increase in temperature, where the temperature quietly raised 

after breakpoint of 2008. It was likely that the break point in 1999 appeared only in the 

Djebel Chouachi station due to the unsuitable quality of data, where the station location in an 

isolated area made the observation of the data and reliability of the measurement difficult. 

This caused difficulty in providing an explanation for any specific behavior. While the 

appearance of the break point in 2007 at nearly all stations indicated a difference of the data 

distribution in rainfall time series (before and after the break point date) where the rainfall 

trend seems to be rising at the end of 2000s because of the increase of rainfall in the autumn 

season, which has been confirmed with the trend analysis, similar to the increase in runoff 

time series which was observed at Sidi Aissa station in autumn related to the increase of 

runoff in October. These are similar results to the study of Nouaceur and Mursrescu (2016a), 

which showed that the regional analysis of rainfall indicate the last years of 2000s, which are 

distinguished by rainy years (Nouaceur, 2011; Nouaceur and Murarescu, 2016b) recorded 

with a percentage of 55.72% from 2007–2013 in Algeria, while the rainy years recorded with 

a percentage of 85.71% from 2008 to 2010 in Morocco. This hypothesis was supported by the 

teleconnections with positive signs between the North Atlantic Oscillation (NAO), as it is the 

climate model dominant in the North Atlantic region and EL Nino Southern Oscillation 

(ENSO) with a low impact of the ENSO index in this region (Hasanean, 2004; Nouaceur et 

al.,2017). The monthly time series featured irregular results regarding the break point in the 

time series. The temperature has been increasing worldwide with a strong correlation of the 

Western Mediterranean Oscillation (WeMOI) climate index in the Mediterranean basin 
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(Northwestern of Algeria) that characterizes atmospheric circulation and the predominance of 

warm tropical air associated with the Azores anticyclone (Zeroual et al., 2017). The study of 

(Zamrane et al. 2016) has found a relationship between the runoff with the NAO climate 

index in Morocco, and suggest further research to explore the relationships between 

hydrological variability and the NAO signal, in order to check if there are clear boundaries 

between the influences of the Atlantic, the Mediterranean, and the Sahara. 
 

 These appear in terms of incompatibility of the results for each month with 

homogeneity tests or results of one test with different months. There are exceptional cases of 

some stations indicating the heterogeneity of the dataset. Rainfall analysis with the month of 

summer (June, July, and August) have not affirmed the exception or the rejection results of 

the hypothesis for both the Buishand and Lee and Heghinian test, which is plausible due to 

the similar approach of the two tests and due to the minimal amount of rainfall close to zero 

in this period (extreme values). Hence, it can be concluded that there is no distribution of the 

rainfall time series for lack of the values, which express the variability and fit the assumption 

of the tests. 
 

The correlation demonstrate the rainfall-runoff relationship, and it should not be considered 

as final conclusion, in practically at daily scales. Thus, the intervention of rainfall-runoff 

modeling could improve the quality of the relationship that are used in this study. 

The significant positive values of rainfall were identified by trend analysis after the break 

year in time series, and those were evidenced by an increasing rainfall tendency in the wet 

period. In the next section, we will evaluate temporal characteristics of meteorological and 

hydrological drought, as parallel analyses for detecting the wet/dry periods with the above 

results of homogeneity and trend analyses. 
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IV. 1. Introduction 

Drought is an inevitable and recurring feature of the global water cycle (Farahmand and 

Aghakouchak, 2019), and it is expected to affect as many as one-third of the world‟s 

population (Swetalina and Thomas, 2016), and a large proportion of the agricultural sector, 

especially in arid and semi-arid regions in Mediterranean (Kumar, 1998; Tigkas and Tsakiris, 

2014), which is already suffering from stress and water availability (Ma et al., 2015) due 

irregularity of rainfall in time and space (Shahabfar and Eitzinger, 2013) and expected to be 

worsen in future due to climate change (IPCC, 2014). 

Drought is one of the most damaging natural hazards, which characterizes a broad range of 

climatic situations related to either low rainfall consequent to the high temperature and the 

evapotranspiration which all it is considered as significant factors of controlling the formation 

and persistence of the condition of drought (meteorological drought), besides the low soil 

moisture (agricultural drought), low levels of water in streams and lakes (hydrological 

drought), or a shortage of water for society at large (socio-economic drought) (Vogt and 

Somma, 2000; Lloyd-Hughes and Saunders, 2002; Soo Jun et al., 2011; Marengo et al., 2011; 

Bazrafshan and Khalili, 2013; IPCC,  2014; Swetalina and Thomas, 2016). 

 Drought is a frequent climate that determines its precision and the difficulty of studying 

the various dimensions of it, It can be described by three factors: severity, duration, and 

frequency of occurrence (Wilhite and Donald, 2000; Tsakiris et al., 2007; Soleimani Sardou 

and Bahremand, 2014). It has been observed that droughts have increased in magnitude and 

frequency, over the last few decades around the world. Droughts affect almost all the 

components of the hydrological cycle beginning with the precipitation factor that experienced 

a long period of the deficit, which has negative influence in hydrological drought of the 

streamflow and resulted in deficit in storage for surface water and groundwater (Beran and 

Rodier, 1985; Tsakiris et al., 2013; Sahnoune et al., 2013). Several studies have used drought 

indices as drought monitoring tools at different parts of the world to describe the droughts 

quantitatively and make the decision on estimations of the characteristics of a drought period 

and their consequences upon the hydrological cycle (Dogan et al., 2012; Tsakiris et al., 2013; 

Asefjah et al., 2014 Shah et al., 2015; Al-Timimi and Osamah, 2016; Afzali et al., 2016; 

Bagheri, 2016). There are indicators disaggregated by the type of drought (Wilhite and 

Glantz, 1985; Guttman, 1998), and classified into four main types:(a) meteorological drought, 

related to precipitation deficit which cause decreases in water supplies of a region over a 

period of time. (b) hydrological drought, defined as a deficit in surface water storage or 

groundwater causing reductions in water uses and effect to water resources management 

system. (c) agricultural drought, deficit in soil moisture and the consequent to crop failure at 

a particular period; and has no reference to stream flow, Meteorological drought, 

hydrological drought and agricultural drought are also considered as environmental droughts 

whereas, (d) socio-economic drought is deficit of water supply for socio-economic purpose, 

and it can be considered as water resources droughts (Wilhite and Glantz, 1985; WMO, 2006; 

Passioura, 2007; Azarakhshi  et al., 2011). However, several of the drought indices have 

limitations in the application in order to monitor the drought condition due to climate 

conditions as well as the time step, and thus must addressing more than one index (Morid et 
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al., 2006; Jain et al., 2015). There is no single definition for drought, its onset and termination 

are difficult to determine. However, identify various indicators of drought, and tracking these 

indicators provides the assimilation for thousands of data on rainfall, streamflow, and other 

water supply indicators, more useful than raw data for decision making and crucial means of 

monitoring drought. Drought indices are usually calculated, either by applying manually the 

corresponding equations, or by using tools, that provide a comprehensive assessment and 

give a better perspective for outputs (Tigkas et al., 2015). 

Algeria is one of the countries which has experienced several drought years, with high 

variability in annual rainfall (Habibi et al., 2018) with a reduction of 10% since the end of the 

1970s (Sahnoune, 2013) this may affect  the water mobilized in dams and groundwater. 

Particularly affected is the western north region (Meddi and Hubert, 2003; Meddi.M and 

Meddi. H, 2009), where experienced deficits in rainfall from 12% to 20% (Medjerab and 

Henia, 2005). This region suffered by drought years (Meddi et al., 2013) with the return of 

rising in rainfall between 2001 and 2007 (Khoualdia et al., 2014) and it is expected that the 

severity and frequency of droughts will change in the future (Mccarthy, 2001; Halwatura et 

al., 2017) and probability of occurrence of a severe drought in 2041 (Lazri et al., 2015). 

Numerous studies have been conducted to analyse and identify drought condition from 

different parts of the world as for example (Pathak et al., 2016; Morid  et al., 2006; Zarei  et 

al., 2017; Akbari  et al., 2015; Kanellou et al ., 2008; Lorenzo-Lacruz and Morán -Tejeda, 

2016; Boudad et al., 2018). Similar researches in northern of Algeria studied the drought 

behavior in the time series and the results showed that the severe/extreme drought increases 

considerably rising from the probability of 0.2650 in 2005 to a stable probability of 0.5756 in 

2041(Lazri et al., 2015). While in the northeast region of the country were studied for the 

variability and trends in annual rainfall data for the period between 1970 and 2011 and it was 

found that the important fluctuation where experienced a long dry period with a moderate 

severity followed by a long wet period and a significant increasing rainfall trend (Khezazna et 

al., 2017). The studies in northwest of Algeria identified that the region had suffered from a 

severe drought especially after 1970's and multi-year drought, and this information may 

provide  scientific support for managing  drought situations (Meddi et al., 2013; Djellouli et 

al., 2016; Habibi et al., 2018). 

The main objective of this study is a comparative analysis of four meteorological drought 

indices: (i) the Standardized Precipitation Index (SPI), (ii) the Percent of Normal Index (PN), 

(iii) the Declie Index (DI), and (iv) Rainfall Anomaly Index (RAI), and one of hydrological 

drought indices: Streamflow drought index (SDI). No index is ideal and/or universally 

suitable. The choice of indices for drought monitoring in a specific area should eventually be 

based on how commonly used these indices to determine the drought and the quantity of data 

availability (Azarakhshi et al., 2011; Morid et al., 2006). A common feature of the selected 

indices is that they all are calculated using only rainfall data at different time scales and 

allows the analysis of different drought categories. in order to assess the performance of these 

indices in the Tafna Basin the northwest of Algeria, where the assessment of the drought 

indices in this region represents the amount of rainfall and runoff, which reflects water 

resources availability and carrying capacity of the ecosystems and its relation to the economic 
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activities, human lives, and the environment (Tabari et al., 2012; Bayissa et al., 2015). 

Furthermore, SPI found as a highly valuable estimator of drought severity (Keyantash and 

Dracup, 2002) and was proven superior to Palmer Drought Severity Index (PDSI) (Guttman, 

1998; Paulo and Pereira, 2006), and other rainfall based indices (Van Rooy, 1965; Mckee et 

al., 1993; Morid et al., 2006; Dogan et al., 2012; Hänsel et al., 2016).  While the DI index 

defined as able to quantify both dry and wet cycles (Morid  et al., 2006) and may assessing 

droughts when used with many timesteps in arid/semi-arid regions. The analysis of the study 

of (Barua et al., 2011) showed that SPI had the same raw score for the transparency criterion 

and were less transparent than PN or DI, with PN having the highest transparency score and 

was also found as the most irrelevant DI to other indices (Dogan et al., 2012). The RAI offers 

a higher degree of transparency and tractability and demands a lower degree of sophistication 

than the SPI with regard to the evaluation criteria for drought indices as proposed by 

(Keyantash and Dracup, 2002). In principle, the RAI may be calculated on the same 

timescales as the SPI and is similarly robust. and the streamflow Drought Index (SDI) 

(Nalbantis and Taskris, 2008), which is very simple in calculation and data demanding,  

powerful in predicting drought onset and duration using cumulative streamflow volumes 

(Arabzadeh et al., 2015). SDI is analogous to the standardized precipitation index (SPI) 

(WMO 2009; Rimkus et al., 2013). 

IV.2. Methodology 
 

The methodology applied in this study is based on four meteorological indices, and one 

hydrological index selected for drought monitoring in the Tafna Basin in order to: 

 

(1) Classify the frequency of the drought severity categories (or humidity) using the 

drought thresholds method that based on the values of the drought indices for three-time 

scales (Annual, Seasonal, and Monthly). 
 

     (2) Determine the correlations between SPI and other indices (RAI, DI, PN), using the 

correlation coefficients of Pearson and Spearman. The better identification and monitoring of 

the drought is to compare the correlation between several drought indices and how they 

respond to the drought categories during the time series of the study for different time steps. 

Therefore, to evaluate the dependability in determining the correlation between them, the 

Pearson coefficient and the Spearman‟s rho correlation will be used, which are well known 

and widely used internationally. SPI is considered for analysing its correlation with other 

three indices because SPI as the index that has been often used as the measure in the drought 

analysis and it has statistical consistency advantages through different time scales of rainfall 

(Guttman, 1998; Hayes et al., 1999), and it is the most applied index to analyze 

meteorological drought in the northwest region of Algeria (Djellouli et al., 2016; Djellouli et 

al., 2018; Adjim and Djedid, 2018). This proves the applicability of the comparison of SPI 

with the rest of the indices that have not yet received much attention in the region as a 

primary step in the analysis.  

(3) Investigate the relationship between the results of each meteorological drought index 

from all stations at a different time scale using the correlation coefficients of Pearson and Sp- 
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earman to assess the sensitivity and robustness for each index. 

 

(4) Indicating the trend directions of the drought indices selected in the time series, using 

Mann-Kendall test, one of the most widely applied test (Jain and Kumar, 2015; Kumar et al., 

2019; Khezazna et al., 2017; Bari Abarghouei et al., 2011; Boudad et al., 2018; Deo, 2011; 

Hänsel et al., 2015; Rahman et al., 2016) to detect whether the trend is upward or downward 

of the data during a time period while considering the level of statistical significance (Kisi 

and Ay, 2014; Da Silva et al., 2015; Gedefaw et al., 2018; Mrad et al., 2018).  
 

(5) Investigate the relationship between the SDI for different study stations, and 

relationship between SDI and meteorological drought index at a different time scale using the 

correlation coefficients of Pearson and Spearman. 
 

IV.2.1. Meteorological drought index 

IV.2.1.1. Standardized Precipitation Index (SPI) 
 

 SPI is a widely recognized tool for characterizing and monitoring meteorological 

droughts (Mckee et al.,1993). Positive SPI values indicate above mean precipitation and 

negative values indicate below mean precipitation. It is a simple index which allows equally 

checking of wet periods and the dry periods and is based on the long-term precipitation 

record (longer than 30 years) (Edwards et al., 1997; Boudad et al., 2018). The available long-

term rainfall data is fitted to a probability distribution(e.g. gamma distribution) to calculate 

SPI, which is then transformed to a normal distribution so that the mean SPI period is zero 

(Mckee et al., 1993; Jain et al., 2015).The equations to calculate SPI are as follows, the 

rainfall data are calculated using the gamma probability density function, which is defined as 

the equation IV.1: 

 

                          𝑔 𝑥 =
1

𝛽𝛼 Г 𝛼 
𝑥𝛼−1𝑒

−𝑥
𝛽  for x>0                         Eq.IV.1 

 

Where α is a shape parameter, β is a scale parameter and x is the rainfall amount as the 

equation IV.2: 

 

                            𝛼 =
1

4𝐴
 1 +  1 +

4𝐴

3
  𝑎𝑛𝑑 𝛽 =

𝑥 

𝛼
                           Eq.IV.2 

 

Where 𝑥  represents the sample statistic, A the rainfall average as the equation IV.3: 

 

                               𝐴 = ln 𝑥  −
 ln 𝑥 

𝑛
                                                   Eq.IV.3 

 

And n is number of rainfall observations. The obtained parameters are then used to find the 

cumulative probability function as the equation IV.4: 
 

                    𝐺 𝑥 =  𝑔 𝑥 𝑑𝑥 =
1

𝛽𝛼 Г 𝛼 

𝑥

0
 𝑥𝛼−1𝑒

−𝑥
𝛽  𝑑𝑥

𝑥

0
                    Eq.IV.4 
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The rainfall dataset may contain zero values since the gamma distribution is undefined for 

zero rainfall, then the cumulative, H(x), was calculated as the equation IV.5: 

 

                                                 𝐻 𝑥 = 𝑞 +  1 − 𝑞 𝐺 𝑥                                     Eq.IV.5 

 

q: Probability of zero rainfall.  

The cumulative probability is then transformed to the standardized normal distribution 

random variable Z with mean zero and variance of one, which is the value of the SPI. 
 

IV.2.1.2. Percent of Normal Index (PN)  
 

PN is a simple index to measure the rainfall deficit for a location. The value 'normal' of the 

index may be calculated for a month, a season or a year, and is considered to be 100%. 

Analyses using the percent of normal are very effective when applied for a single region or a 

single season. It is calculated by dividing actual precipitation (Pi) by normal precipitation and 

multiplying by 100% (Dogan et al., 2012; Morid et al., 2006; Shahabfar and Eitzinger, 2013). 
 

IV.2.1.3. Decile index (DI) 
 

The decile index was developed by (Gibbs and Maher, 1967). This is based on ranking the 

monthly rainfall from the long-term series to construct a cumulative frequency distribution. 

This distribution is divided into 6 decile parts. The first decile value is the lowest than 10%, 

while the second decile is between the lowest 10% and 20%, the two above deciles are 

determined as considerably below normal, and the deciles 3 to 4  (20% to 40%) as below-

normal rainfall, while the deciles 5 to 6 (40% to 60%) as near-normal rainfall, and the deciles 

7 and 8 (60% to 80%) as above-normal rainfall and the deciles 9 and 10 (80% to 100%) 

indicate above-normal rainfall (Asefjah et al., 2014). 
 

IV.2.1.4. Rainfall Anomaly Index (RAI)  

 

RAI was developed by (Van Rooy, 1965), it is based on ranking the rainfall value to 

calculate the positive and negative magnitudes of the indices which are computed by using 

the mean of ten extremes. This index can be analysed on the frequency and intensity of the 

dry and rainy period (Al-Timimi and Osamah, 2016). The RAI offers a higher degree of 

transparency and a lower degree of complexity than the SPI with regard to the evaluation 

criteria for drought indices (Keyantash and Dracup, 2002; Hänsel et al., 2016). The function 

is defined as the equations IV.6 and IV.7: 

 

                 𝑅𝐴𝐼 = 3
𝑃−𝑃 

𝑀 −𝑃 
if  𝑃 > 𝑃                                              Eq.IV.6 

 

                    𝑅𝐴𝐼 = −3
𝑃−𝑃 

𝑚 −𝑃 
  if 𝑃 < 𝑃                                            Eq.IV.7 

 

M    : Mean of the ten highest rainfall records for the time series of the study, 

𝑚:     Mean of the ten lowest rainfall records for the time series of the study, 

P : Mean rainfall of the time series, and P the rainfall for the specific year. 
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The classification based on the above meteorological four drought indices are given in 

(tab.IV.1). 

Table IV.1. Classification of meteorological drought indices range (Van Rooy, 1965; Mckee 

et al.,1993; Morid et al., 2006; Dogan et al., 2012; Hänsel et al., 2016). 

 

 

 

 

 

 

 

 

 

IV.2.2. Hydrological drought index 

SDI (Streamflow Drought Index) is generally used for the analysis of hydrological 

drought (Bao et al., 2011), and has been developed by (Nalbantis and Tsakiris, 2009), if a 

time series of monthly streamflow volumes Qi,j is available, in which i denotes the 

hydrological year and j the month within that hydrological year (j = 1 for September et j = 12 

for August), Vi,k is described in the equation IV.8 as follow: 

 

𝑉𝑖 ,𝑘 =  𝑄𝑖 ,𝑗     
3𝑘
𝑗 =1 𝑖 = 1,2, …   𝑗 = 1,2, … … . . ,12 𝑘 = 1,2,3,4          Eq.IV.8 

 

 

Where: 

Vi,k : The monthly streamflow volumes for the i-th hydrological year and the k-th reference 

period, k = 1 for September-November, k = 2 for September-February, k = 3 for September-

Mai, et k = 4 for September-August. Based on the cumulative streamflow volumes Vi,k, SDI 

is defined for each k reference period of the i-th hydrological year as equation IV.9 follows: 

 

                 𝑆𝐷𝐼𝑖 ,𝑘 =
𝑉𝑖 ,𝑘−𝑉𝑘    

𝑆𝑘
           i=1, 2,...,      k=1,2,3,4                  Eq.IV.9 

 

Where, 𝑉𝑘
    and Sk are respectively the mean and standard deviation of SDI for the k reference 

periods estimated for a long period. 

Generally, for small basins, streamflow may follow a log-normal distribution. The 

distribution is then transformed into normal taking simple and the natural logarithms of 

streamflow, the SDI index is defined as equations IV.10 and IV.11 follows: 
 

                     𝑆𝐷𝐼𝑖 ,𝑘 =
𝑦𝑖 ,𝑘−𝑦𝑘    

𝑆𝑦 ,𝑘
     i=1,2,...,      k=1,2,3,4                  Eq.IV.10 

 

State Class description SPI PN DI RAI 

1 Extremely Wet ≥2.0 
– 

1 ≥3.00 

2 Very Wet [1.50;1.99] – 2 [2.00;2.99] 

3 Moderately Wet [1.00;1.49] ≥110 3 [1.00;1.99] 

4 Normal [-0.99;0.99] ]80;110[ [4;7] [-0.99;0.99] 

5 Moderately Dry [-1.49;-1.00] ]55;80[ 8 [-1.99;-1.00] 

6 Severely Dry [-1.99;-1.50] ]40;55[ 9 [-2.99;-2.00] 

7 Extremely Dry ≤-2.00 ≤40 10 ≤-3.00 
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                              𝑦𝑖 ,𝑘 = ln 𝑉𝑖,𝑘     i=1,2,...,      k=1,2,3,4                       Eq.IV.11 

 

Where 𝑦𝑘    and Sy,k are the mean of cumulative streamflow and standard deviation over a long 

period of time. Five hydrological drought conditions are considered which are denoted by an 

integer number ranging from 0 (non-drought) to 4 (extreme drought)(Nalbantis, 2008), and 

defined in (tab.IV.2). 

 

Table IV.2. Definition of states of hydrological drought based on the SDI classes 

(Nalbantis, 2008). 

State 
Description Criterion 

1 Non-drought SDI ≥ 0.0 

2 Mild drought -1.0 ≤ SDI < 0.0 

3 Moderate drought -1.5 ≤ SDI < -1.0 

4 Severe drought -2.0 ≤ SDI < -1.5 

5 Extreme drought SDI < -2.0 

 

IV.3. Results and discussion 
 

IV.3.1. Comparison of meteorological drought categories 

 

 At annual scale, figure IV.1 shows that PN detected the highest range of normal 

droughts categories approximately (30-50%) for Sebdou, and Khemis stations, while the rest 

of the stations indicated similarity of ranges between moderate droughts, normal and 

moderate wet categories (15-20%). Extreme droughts categories range was found (100%) on 

a seasonal time scale for Sebdou station. For the rest of the stations, the percentage of 

moderately wet categories indicated the highest range approximately (25-40%) compared to 

other categories. At monthly scale, extreme dry and moderate wet categories were found in 

similar range (35%). 
 

On an annual scale, RAI detected a range of Normal categories (30%) for Djebel Chouachi, 

Several droughts approximately (20-30%) for Ouled Mimoun, Sidi Bounakhla, Chouly and 

Khemis, and Moderate droughts (20%) for the other stations. Extreme, Several droughts and 

Normal range were found approximately (15-20%) on a seasonal time scale for all stations, in 

addition to observation of a significant range of Several droughts categories approximately 

(10-20%) for Djebel Chouachi, Hennaya, and Sidi Bounakhla. 

Extreme, several droughts, and Normal categories were found similarity ranges with 

approximation (15-20%) for all stations, expect Djebel Chouachi which has the highest range 

of Extreme droughts with (30%) on a monthly scale. 

SPI and DI indices detected higher ranges of only Normal categories for all stations and on 

all timescales, whereas SPI detected approximately range (65-75%). DI indicated 
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approximately ranges 40%, 40-45%, 30-40% on annual, seasonal, and monthly time scale 

respectively. 

As concluded: SPI and DI have responded in more consistent on all timescales for all 

stations. SPI has the most similar response to DI (normal categories), although DI 

underestimated the range of normal categories than SPI did on all timescale, where SPI has a 

much large rate of „normal categories‟, while the rest of the categories of drought have less 

rate in SPI compared to DI. This indicates high sensitivity on the part of DI to rainfall 

amount, whereas the SPI is the worst in detecting the extreme, severe drought(<5 %). 
 

PN, RAI resulted in values indicating more drought categories than SPI, DI, where they were 

able to detect gradual categories in droughts that cannot be detected by the SPI and DI. This 

analysis indicates that the application of RAI and PN allowed leading to a detailed 

assessment of the drought situation in the study area. Extreme droughts had also been 

overestimated by PN and RAI on seasonal and monthly scale but underestimated on annual 

scale. 
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Figure IV.1.Drought categories percentage for SPI, RAI, DI, PN for different time scale (annual, 

seasonal, and monthly). 
 

IV.3.2. Meteorological indices temporal evolution 

The four indices (SPI, RAI, DI, PN) at the annual time scale were compared and displayed 

in figure IV.2, IV.3, IV.4, IV.5. The variance of two indices SPI and RAI is characterized by 

the same consistency change in wet and dry periods; it can be seen from the figure V.2 that 

the SPI time series of the curve is close to that of RAI. The period between 2000-2004 and 

2008-2011 shows a recovery from drought. The highest values of the SPI, RAI and, PN are 

(3, 8, 230 respectively) in 2008 correspond Sidi Bounakhla station for SPI and RAI, and 

Khemis station for PN which representing the „wet extremes categories and the lowest values 

are (-3, -6, 36 respectively) in 1982 correspond Hennaya station which representing the „dry 

extremes'. While DI results showed that the highest and the lowest values (10,1 respectively) 

on the annual scale are the same for some stations (Sidi Bounakhla, Ouled Mimoun, Djebel 

Chouachi, Hennaya) which representing the „wet and dry extremes' respectively. 

 

The results of SPI and RAI showed that the estimates of droughts experienced a difference in 

terms of values; however, they are consistent in duration in terms of the start and end of the 

drought. 
 

In the early 2000s, all stations showed mostly positive SPI, RAI, PN, and DI values which 

are often greater than (2, 4,152, 10 respectively) with the exception years (2004, 2006, and 
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2007). Negative values are less than (-2, -4, 55, 1 respectively) observed between 1981-1999. 

The year 1982 was one of the driest years, and 2008 was the wettest year in the study area. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure IV.2. SPI index at annual scale for all stations. 

 

 

 

 

 

 

 

 

 

 

Figure IV.3. RAI index at annual scale for all stations. 
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Figure IV.4. DI index at annual scale for all stations. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure IV.5. PN index at annual scale for all stations. 

 

IV.3.3. Relationship between SPI AND RAI, DI, PN 

In table IV.3, the relationship between SPI and the indices (RAI, DI and, PN) were 

determined with the coefficient of Pearson and Spearman correlation tests on the different 

time scale (annual, seasonal, monthly). The results showed that the relationship for the SPI 

versus the RAI, DI and, PN are highly correlated (> 0.6) for all time scale. The relationship 

has a strong positive correlation on an annual scale (≥ 0.94) and even higher with Spearman 

correlation tests (≥ 0.99) for all stations. 

The highest Pearson correlation (0.99) was observed in several stations on annual scale, and 

the lowest (0.61) was observed between SPI and PN in Djebel Chouachi on a monthly scale.          
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The highest Spearman correlation (1.00) was observed between SPI and the indices PN and 

RAI for all stations on annual scale, and the lowest (0.59) was observed between SPI and PN 

in Djebel Chouachi on a monthly scale. For both correlation tests, RAI showed that it has the 

greatest correlation with SPI on all time scale. Overall, it is noted that the correlation of SPI 

with other indices increases with the long term in the time step and decrease with the short 

term. 

Figure IV.6, IV.7 demonstrate the visualization results of table IV.3, it is showed with 

Pearson correlation that Khemis station has the lowest correlation between SPI and each of 

the other indices at annual and seasonal scale except the correlation between SPI and DI on 

annual scale and between the SPI and RAI on seasonal scale, on another hand, the correlation 

between SPI and other indices was the lowest at Djebel Chouachi. While the lowest 

Spearman's correlation between SPI and each one of the indices was indicated at Khemis 

station at all-time scale except between the indices SPI, PN and DI on the monthly scale and 

RAI on the annual scale. 

The higher correlation coefficient between 0.99 and 1 for the indices and the stations and 

timescales signifies that these indices are well suited and adapted in the study area. The close 

similarity in coefficient values in different stations can be due to the indices values, which 

include zero or a small number for the entire time period. 

 

Table IV.3. The correlation coefficients between SPI and DI, PN, and RAI respectively at 

different time scale. 

 

 

 

 

Correlation Test Station Annual Monthly Seasonal 

Pearson correlation 

SPI Vs DI PN RAI DI PN RAI DI PN RAI 

 Sebdou 0.96 0.99 0.99 0.94 0.85 0.94 0.96 0.86 0.96 

 Khemis 0.96 0.97 0.98 0.7 0.64 0.72 0.79 0.74 0.83 

 Djebel Chouachi 0.99 0.98 0.96 0.68 0.61 0.76 0.9 0.72 0.92 

Hennaya  0.95 0.99 0.99 0.91 0.8 0.92 0.97 0.88 0.97 

 Chouly  0.96 0.99 0.99 0.9 0.76 0.92 0.95 0.91 0.97 

Meurbah 0.94 0.99 0.99 0.9 0.84 0.94 0.95 0.93 0.97 

Ouled Mimoun  0.97 0.99 0.99 0.81 0.76 0.88 0.96 0.93 0.97 

Sidi Bounakhla 0.95 0.99 0.99 0.88 0.76 0.89 0.95 0.81 0.96 

Sperarman's correlation 

 Sebdou 0.99 1 1 0.96 0.94 0.98 0.99 0.98 0.99 

 Khemis 0.99 1 1 0.7 0.66 0.71 0.8 0.78 0.81 

 Djebel Chouachi 0.99 1 1 0.64 0.59 0.75 0.96 0.87 0.95 

Hennaya  0.99 1 1 0.93 0.89 0.95 0.99 0.97 0.99 

 Chouly  0.99 1 1 0.92 0.89 0.94 0.99 0.99 0.99 

Meurbah 0.99 1 1 0.91 0.89 0.94 0.98 0.99 0.99 

Ouled Mimoun  0.99 1 1 0.81 0.78 0.86 0.99 0.98 0.99 

Sidi Bounakhla 0.99 1 1 0.91 0.84 0.91 0.99 0.95 0.99 
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Figure IV.6. The spider chart displays the timescale variations of Pearson correlation  

between SPI and other indices. 
 

 

 

 

 

 

 

 

 

Figure IV.7. The spider chart displays the timescale variations of Sperarman's correlation 

between SPI and other indices. 
 

 

IV.3.4. Comparative evaluation of meteorological drought indices 

The figures IV.8, IV.9, and IV.10 represent  the average of SPI, RAI, DI, and PN for 

annual, seasonal, and monthly time steps compared with average rainfall on each time scale.  

On an annual scale, the analysis of the results indicated that extremely dry category was 

detected in 1982 with RAI, DI and, PN, where had been a significant decrease in annual 

average rainfall, in addition to 1987 and 1999 that were also shown as extremely dry with 

RAI, where the period between 1984-1999 experienced a fluctuation in the deficit rainfall 

time series. On seasonal scale, this category was obvious in the spring of 1982 (fig IV.9), and 
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in April of 1983 on a monthly scale due to a decrease in rainfall both of them were 

determined with RAI. 

While the severely dry category was determined in 1987, 1999 with SPI and DI. This 

category on the seasonal scale was detected in the Spring of 1982 with DI and PN, and in the 

Spring (1987, 1999) with SPI, DI, and PN, where this season of these years showed mostly 

the deficit in seasonal rainfall. As well as this category was indicated on a monthly scale in 

March of 1983 and May of 1983 with RAI, and February of 1983 to May of 1983 with PN, 

whereas April of 1983 with DI, and  March and April of the two years of 1987 and 1999 with 

the DI, and PN. 
 

The moderate dry category was indicated in 1987, 1999, and 2007 with PN, and the same 

index determined the year 1995 as the moderate wet category. Otherwise, this year was 

represented under the extreme wet category with RAI, and as very wet with SPI and DI due 

to the excess of rainfall in this year.  
 

The category of extreme wet was appropriately detected in 2008 with all four indices, where 

the highest rainfall occurred throughout the study period. The period between 2000-2011 

defined a slight raising of average rainfall(except  2004, and 2007), The same category was 

indicated on a seasonal scale in the Autumn of 2008 with RAI, DI, and PN, it is seen and 

confirmed also as extremely wet in the months September of 2008 to November of 2008. 

While SPI defined this season as severely wet as well as the month of October of 2008. 
 

Overall, all indices indicated similar droughts categories when it was the highest and lowest 

of rainfall on annual time scale.  It is noted that RAI was more appropriate compared to other 

indices in the detection of drought in the long term and short term. When the average rainfall 

was lower than normal, the RAI index showed an extreme dry situation, especially in 1987, 

1999 and the worst dry period was reported in 1982. The deficit and fluctuation of rainfall 

detected the drought situation, and that showed a positive relationship between the drought 

indices and average rainfall. 

 

 

 

 

 

 

 

 

 

 

Figure IV.8. Average time series of all indices and Rainfall at annual scale. 
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Figure IV.9. Average time series of all indices and rainfall at seasonal. 
 

 

 

 

 

 

 

 

 
 

Figure IV.10. Average time series of all indices and rainfall at monthly scale. 

 

 Several studies have indicated the same results in line with our research (Adjim and 

Djedid, 2018; Khezazna et al., 2017; Medejerab and Henia, 2005; Hamlaoui-Moulai et al., 

2013; Hammar et al.,2014), as these studies showed that the 1980s experienced a decrease in 

the rainfall, and considered as a dry sequence, it was observed mostly that drought index is 

often less than –1. While the period from 1999 to 2011 of the study was considered as a wet 

sequence with a drought index range from 0.06 to 0.85, and it was pointed out that 2008 as 

the mostly wettest in this period that was confirmed with the studies that was mentioned 

above. 

IV.3.5. Correlations between drought indices 

In order to assess the sensitivity and robustness of the indices at a different timescale, we 

adopt the correlation coefficient method for choosing the better relationship between the one 

drought indexes for different stations (the study stations). For this section, the correlation 
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coefficient values are obtained by taking the average of the correlation coefficient (Pearson, 

Sperarman's rho) to obtain one value for each index from all the stations at different 

timescales (annual, seasonal, monthly) to consider which time steps of the indices may have 

better correlation coefficients. The obtained results of RAI for Pearson and Sperarman's rho 

correlation between different stations had the best correlation on all time steps (annual, 

seasonal, monthly), the average coefficients for these time steps were (0.99, 0.94, 0.87, and 1, 

0.96, 0.88, respectively). Whereas DI, PN were significantly higher (0.7). The results of 

correlation test between drought indices are represented in table IV.4 and figure IV.11, IV.12. 

In conclusion, DI and RAI were highly correlated on short-term (monthly) and medium 

(seasonal), while SPI and RAI were highly correlated on long-term (annual), is better suited 

for understanding and assessment of drought analysis in the study area, they were able to 

detect the period of drought which they found reasonable results of the drought performance 

reflecting the real situation of climate for this area without underestimated or overestimated 

the drought categories and their period. 

Almost all indices reached a high correlation between the stations (0.82) may due to the 

fact that drought is strongly affected by rainfall, the low variation of rainfall amount led to 

this similarity of the strong correlation where the geographical coverage (distance) between 

the stations was small. 

 

Table IV.4. Average correlation coefficients of indices from all stations with  

different time scale. 

 

 

 

 

 

Correlation Test 
Annual Seasonal Monthly 

SPI RAI DI PN SPI RAI DI PN SPI RAI DI PN 

Pearson 
0.98 0.99 0.96 0.99 0.91 0.94 0.93 0.85 0.82 0.87 0.84 0.75 

Sperarman's rho 
0.99 1 0.99 1 0.95 0.96 0.96 0.94 0.85 0.88 0.85 0.81 
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                   Figure IV.11. Average Pearson correlations of all indices with 

                                     a different time scale from all stations. 

 

 

 

 

 

 

 

                 Figure IV.12. Average Sperarman's rho correlations of all indices with  

                                    a different time scale from all stations. 
 

IV.3.6. Trend analysis of meteorological drought indices 

 The results of trend analysis Mann–Kendall (MK) test on different time series of 

drought indices for a period of 1979–2011 are presented in table IV.5. Overall, all the indices 

exhibited no considerably significant trend at the various stations on annual and seasonal 

scale except Djbel Chouachi station that were recorded significant positive trend (0.13 at P= 

0.05 level of statistical significance) on seasonal scale for RAI, and DI. Whereas, for Monthly 

scale, the trend provided by indices were significantly positive in Djebel Chouachi and 

Meurbah station, and the same result for Sidi Bounakhla station except RAI index that 

showed no significant trend, while the stations Khemis, Chouly, and Ouled Mimoun detected 
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positive trend with one of this indices SPI, DI, and RAI respectively. The rest of stations 

showed positive but not significant trend, and indicated almost similar positive values for all 

stations on Monthly scale, that display wet event means that the positive of the indices are 

considerable in the sequence of the indices values. 

The positive trend of meteorological indices in monthly scale may demonstrated by the 

positive trend of rainfall in this region (Dünkeloh and Jacobeit, 2003; Philandras et al., 2011; 

Donat et al., 2014; Tramblay et al., 2012; Bendjema et al., 2019). The study area experienced 

a significance raising of rainfall during the period 2000-2011 which was due the  North 

Atlantic Oscillation (NAO) index describing the NAO phenomenon. This phenomenon is a 

pressure difference between Azores and Iceland, and its negative correlation with rainfall 

(Lopez et al., 2010), and that affect West Africa in the Mediterranean region (Nouaceur and 

Murărescu, 2017).  whereas the negative phase of NAO index have impacts on increasing of 

rainfall in north Africa (Hamlaoui-Moulai et al., 2013; Meddi et al., 2010; Brandimarte et al., 

2011), the probability for wet months (October–March) is around 42%–52% for a negative 

NAO (Philandras et al., 2011; Muñoz-Díaz and Rodrigo, 2003). While from the middle of 

1970 to 2000, the NAO represented a positive phase caused a decreasing trend of rainfall 

(Hamlaoui-Moulai et al., 2013), it has been confirmed with our study results, where the 

meteorological indices indicated a drought situation between 1980-1999, and it was strong in 

1982 for the study period. 

Table IV.5. Mann Kendall test results of all indices at all stations in different time sale. 

Mann Kendall Test 

Station 
Annual Seasonal Monthly 

SPI DI PN RAI SPI DI PN RAI SPI DI PN RAI 

Sebdou -0.03 -0.01 -0.03 -0.03 0.01 0.02 0.01 0.01 0.04 0.03 0.04 0.04 

Khemis 0.17 0.18 0.17 0.17 0.11 0.02 0.01 0.01 0.08* 0.03 0.04 0.04 

Djebel Chouachi 0.22 0.23 0.22 0.22 0.12 0.13* 0.11 0.13* 0.09* 0.10* 0.09* 0.09* 

Hennaya 0.03 0.07 0.03 0.03 0.05 0.06 0.03 0.04 0.04 0.04 0.04 0.04 

Chouly 0.05 0.07 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.08* 0.05 0.06 

Meurbah 0.16 0.17 0.16 0.16 0.09 0.11 0.08 0.10 0.09* 0.10* 0.10* 0.09* 

Ouled Mimoun 0.13 0.14 0.13 0.13 0.07 0.07 0.07 0.07 0.06 0.06 0.07 0.07* 

Sidi Bounakhla 0.07 0.05 0.07 0.07 0.06 0.05 0.06 0.05 0.07* 0.08* 0.07* 0.07 

     * if trend at ≤ 0.05 level of significance 

 

IV.3.7. Comparison of hydrological drought categories 

 

As shown in figure IV.13, the majority of the stations detected with SDI the highest 

range of Mild drought category approximately (25-55%) on all time scales, with high peak at 

Chouly station, in addition that the highest range to this category were observed at monthly 

scale at Sebdou, Zahra, and Chouly, means these stations showed consistently response with 

SDI on monthly scale. This category followed in term of height range of values by the Non-

drought category approximately (55%) on annual scale at Zahra stations, noted that with 

higher values of this category were observed at Sebdou, Zahra, and Chouly on annual scale 
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clarified similar response in this category for this scale, and at Zenata and Sidi Aissa on 

monthly scale. Moderate drought category was found between ranges approximately (5-

15%). Severe drought and Extreme drought categories range were the lower on all categories 

of the SDI approximately (0%) in Extreme drought category for all stations. 

 

      

  

  

 

 

Figure IV.13. Drought categories percentage for SDI for different time scale  (annual, seasonal, 

monthly). 

 

IV.3.8. Comparative evaluation of hydrological drought index 

The hydrological drought variation for all stations is shown in figure IV.14. As seen 

on annual scale, the similarities of positive values were obtained with the SDI at four stations 
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Sebdou, Zenata, Chouly, and Sidi Aissa in 2008 which indicate wet year, only Zahra station 

showed negative value. The similarities of negative values were observed in 2009 with all 

stations which indicated that drought occurred in the basin at this year. The extreme drought 

was experienced in 1999 for all stations; the annual SDI results indicate that the drought 

events tend to follow each other with an average duration of more than one year. The longest 

dry period occurred between 1996 and 1999, and between 2003 and 2007. 

 

 

 

 

 

 

 

 

 

Figure IV.14.Evaluation of SDI on annual scale. 

 
On monthly scale, SDI index shows with the majority of the stations drought 

condition during the period February to August, as seen in (fig.IV.15), all stations had 

negative values which identified the drought months for this period of time. Between the 

month of September and January, the two station Zenata and Sidi Aissa showed highest of 

positive values approximately (0.2) for September, approximately (0.8, 1, respectively) for 

October and November, approximately (0.4, 0.5, respectively) for December, and 

approximately (0.2, 0.3, respectively) for January which identified the wettest months for this 

period of time, while the rest of stations showed negative values of SDI. 
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Figure IV.15. Evaluation of SDI on monthly scale. 

 

According to the variation of SDI for seasonal scale (fig.IV.16), the wet period in 

autumn for almost all stations was observed between 2000 and 2002, and between 2007 and 

2009. The year 1986 in autumn was the wettest year at Sebdou station, where this year is not 

part of the detected wetter period (2000-2009). The driest period was observed between 1987 

and 1993, and between 2003 and 2007 for almost all stations. Winter season (fig.IV.17) 

showed wet period between 1985 and 1986 and 2008 which is considered as the wettest year 

in this period of time for all stations. The dry period in winter was defined as the longest 

period in time series between 1987 and 2007 (1999 at Zenata was the driest year), with the 

exclusive of wet years were defined along time series. In the successive years, 1990 and 

1991, 2008 and 2009, wet condition was recorded in spring (fig. IV.18), the longest dry 

period occurred between 1996 and 2007, with highest value of drought in 1999 at Sebdou (-

2). Very dry conditions for all stations were in summer season (fig. IV.19). with exclusive of 

wet years were defined clearly in 1995 and 2008. 
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Figure IV.16. Evaluation of SDI on autumn season. 
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Figure IV.17. Evaluation of SDI on winter season. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure IV.19. Evaluation of SDI on summer scale. 
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Figure IV.18. Evaluation of SDI on spring season. 
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IV.3.9. Relationship of SDI between the study stations 

 The relationship of the values of SDI between stations was determined with the 

coefficient of Pearson and Spearman correlation tests on the different time scale (annual, 

seasonal, monthly). The results showed that Chouly and Sidi Aissa stations indicate high 

correlation on annual scale (tab. IV.6) with Spearman correlation tests, the station of chouly 

(0.82, 0.83, 0.89),while Sidi Aissa (0.66, 0.76, 0.89), and with Pearson correlation of Chouly 

(0.89, 0.86, 0.87), and Sidi Aissa (0.71, 0.71, 0.87), with Sebdou, Zahra, (Sidi Aissa/Chouly) 

stations respectively, except Zenata stations (≤ 0.52) showed lowest correlation with other 

study stations for both tests. The highest correlation on monthly scale were observed (tab. 

IV.7) at Chouly station with Pearson (0.69, 0.64), and Spearman (0.64, 0.59) with Sebdou 

and Sidi Aissa stations, respectively, while Sidi Aissa station showed that heighest correlation 

with Zenata station, (0.63, 0.69) with Pearson and Spearman, respectively. Zahra and Zenata 

stations showed the lowest correlation compared to other stations on monthly scale. 
 

Table IV.6. The correlation coefficients between SDI for all stations at annual time scale. 

 

 

 

 

 

 

 

 

 

 

 

Table IV.7. The correlation coefficients between SDI for all stations at monthly time scale. 

Monthly Correlation 
Station 

Zahra Zenata Chouly Sidi Aissa 

Sebdou 
Pearson Correlation 0.59 0.44 0.69 0.56 

Spearman's rho 0.49 0.36 0.64 0.52 

Station Correlations Sebdou Zenata Chouly Sidi Aissa 

Zahra 

 

Pearson Correlation 0.59 0.41 0.55 0.47 

Spearman's rho 0.49 0.30 0.45 0.39 

Annual Correlation 
Station 

Zahra Zenata Chouly Sidi Aissa 

Sebdou 
Pearson Correlation 0.70 0.13 0.89 0.71 

Spearman's rho 0.64 0.14 0.82 0.66 

Station Correlations Sebdou Zenata Chouly Sidi Aissa 

Zahra 

 

Pearson Correlation 0.70 0.39 0.86 0.71 

Spearman's rho 0.64 0.39 0.83 0.76 

Station Correlations Sebdou Zahra Chouly Sidi Aissa 

Zenata 

 

Pearson Correlation 0.13 0.39 0.31 0.45 

Spearman's rho 0.14 0.39 0.29 0.52 

Station Correlations Sebdou Zahra Zenata Sidi Aissa 

Chouly 

 

Pearson Correlation 0.89 0.86 0.31 0.87 

Spearman's rho 0.82 0.83 0.29 0.89 

Station Correlations Sebdou Zahra Zenata Chouly 

Sidi Aissa 

 

Pearson Correlation 0.71 0.71 0.45 0.87 

Spearman's rho 0.66 0.76 0.52 0.89 
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Station Correlations Sebdou Zahra Chouly Sidi Aissa 

Zenata 

 

Pearson Correlation 0.44 0.41 0.42 0.63 

Spearman's rho 0.36 0.30 0.37 0.69 

Station Correlations Sebdou Zahra Zenata Sidi Aissa 

Chouly 

 

Pearson Correlation 0.69 0.55 0.42 0.64 

Spearman's rho 0.64 0.45 0.37 0.59 

Station Correlations Sebdou Zahra Zenata Chouly 

Sidi Aissa 

 

Pearson Correlation 0.56 0.47 0.63 0.64 

Spearman's rho 0.52 0.39 0.69 0.59 

 

On seasonal scale (tab.IV.8), the coefficient of Pearson test indicated good correlation at 

Chouly station (0.72, 0.69) with Sebdou and Sidi Aissa, respectively, while Spearman test 

indicated good correlation at Sidi Aissa station (0.66, 0.69) with Chouly, and Sebdou stations, 

and at Chouly station (0.72) with Sebdou station. Zahra station showed average correlation 

for both tests (≤0.60, ≤0.45 ) with all station. Zenata showed lowest correlation for both tests 

(≤ 0.51, 0.48) with other stations. 

 

    Table IV.8. The correlation coefficients between SDI for all stations at seasonal time scale. 

Seasonal Correlation 
Station 

Zahra Zenata Chouly Sidi Aissa 

Sebdou 
Pearson Correlation 0.60 0.37 0.72 0.61 

Spearman's rho 0.48 0.31 0.71 0.69 

Station Correlations Sebdou Zenata Chouly Sidi Aissa 

Zahra 

 

Pearson Correlation 0.60 0.45 0.59 0.52 

Spearman's rho 0.48 0.36 0.45 0.45 

Station Correlations Sebdou Zahra Chouly Sidi Aissa 

Zenata 

 

Pearson Correlation 0.37 0.45 0.38 0.48 

Spearman's rho 0.32 0.36 0.28 0.48 

Station Correlations Sebdou Zahra Zenata Sidi Aissa 

Chouly 

 

Pearson Correlation 0.72 0.59 0.38 0.69 

Spearman's rho 0.72 0.47 0.28 0.66 

Station Correlations Sebdou Zahra Zenata Chouly 

Sidi Aissa 

 

Pearson Correlation 0.60 0.52 0.48 0.69 

Spearman's rho 0.69 0.45 0.48 0.66 

 
IV.3.10. Relationship between hydrological drought (SDI) and meteorological drought 

             (SPI, RAI, DI, PN) 

 

             In this section, the relationship between hydrological drought (SDI) and 

meteorological drought (SPI, RAI, DI, PN) with the coefficient of Pearson and Spearman 
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correlation tests have been applied to explore the relationships between meteorological and 

hydrological droughts based on the annual, monthly, seasonal drought series (tab. 

IV.9,IV.10,IV.11,IV.12,IV.13), respectively for all stations in five sub basins. The results 

showed that the highest correlation between SDI and meteorological drought (SPI, RAI, DI, 

PN) on annual scale is related in Upstream Sebdou, and Chouly sub basins (≥ 0.68) for both 

tests, where SPI was more suitable to SDI than other indices. While Khemis sub basin 

showed average correlation (0.59 ≤ Pearson coefficient ≤ 0.66, 0.57≤ Spearman coefficient ≤ 

0.59) on annual scale.  
 

From low to average correlation (0.34 ≤ Pearson coefficient ≤ 0.48, 0.32 ≤ Spearman 

coefficient ≤ 0.39 at Khemis, and Chouly sub basins), and (0.43 ≤ Pearson coefficient ≤ 0.54, 

0.40 ≤ Spearman coefficient ≤ 0.43 at Khemis, and Chouly sub basins) was observed on a 

monthly and seasonal scale, respectively. Upstream Sebdou showed an average to good 

correlation (≥ 0.59) on the monthly scale, and good (≥ 0.64) on seasonal scale. 

Wadi Boumessaoud sub basin showed a lower correlation of SDI and meteorological drought 

(SPI, RAI, DI, PN) between Zenata (runoff station) and Djebel Chouachi (rainfall station) 

compared to Hennaya station (rainfall station), where this latter station showed an average 

correlation on an annual and seasonal scale. 

On annual scale, Isser sub basin showed the lowest correlation (≤ 0.23) between SDI and 

meteorological drought for Ouled Mimoun (rainfall station) and Sidi Aissa (runoff station) 

compared to Sidi Bounakhla (rainfall station) and Sidi Aissa (runoff station) (≥ 0.67), while 

the opposite on monthly and seasonal scale, Ouled Mimoun (rainfall station) showed low to 

average correlation with Sidi Aissa (runoff station) but higher than Sidi Bounakhla (rainfall 

station). 

 

Table IV.9. The correlation coefficients between SDI and meteorological drought indices 

 for Upstream Sebdou sub basin at different time scale. 
 

SDI Sebdou 

 
SPI Sebdou RAI Sebdou DI Sebdou PN Sebdou 

Annual 
Pearson Correlation 0.78 0.78 0.74 0.77 

Spearman's rho 0.79 0.79 0.76 0.79 

Monthly 
Pearson Correlation 0.64 0.70 0.59 0.66 

Spearman's rho 0.59 0.59 0.60 0.57 

Seasonal 
Pearson Correlation 0.67 0.71 0.65 0.66 

Spearman's rho 0.67 0.66 0.67 0.64 
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Table IV.10. The correlation coefficients between SDI and meteorological drought indices  

for Khemis sub basin at different time scale. 

 

 

 

 

 

 

Table IV.11. The correlation coefficients between SDI and meteorological drought indices for Wadi 

Boumessaoud sub basin at different time scale. 

 

Table IV.12. The correlation coefficients between SDI and meteorological drought indices for Chouly at 

different time scale. 
 

 

 

 

SDI Zahra SPI Khemis RAI Khemis PN Khemis DI Khemis 

Annual 
Pearson Correlation 0.60 0.66 0.66 0.59 

Spearman's rho 0.59 0.59 0.59 0.57 

Monthly 
Pearson Correlation 0.48 0.45 0.41 0.40 

Spearman's rho 0.36 0.38 0.39 0.36 

Seasonal 
Pearson Correlation 0.51 0.54 0.47 0.48 

Spearman's rho 0.42 0.41 0.40 0.41 

SDI Zenata 

SPI 

Djebel 

Chouachi 

RAI 

Djebel 

Chouachi 

PN 

Djebel 

Chouachi 

DI 

Djebel 

Chouachi 

SPI 

Hennaya 

RAI 

Hennaya 

PN 

Hennaya 

DI 

Hennaya 

Annual 

Pearson 

Correlation 
-0.051 -0.011 -0.001 -0.134 0.61 0.60 0.60 0.56 

Spearman's 

rho 
-0.058 -0.058 -0.058 -0.081 0.59 0.59 0.59 0.59 

Monthly 

Pearson 

Correlation 
0.49 0.29 0.22 0.25 0.58 0.49 0.45 0.40 

Spearman's 

rho 
0.51 0.21 0.18 0.12 0.54 0.41 0.44 0.34 

Seasonal 

Pearson 

Correlation 
0.31 0.29 0.25 0.20 0.60 0.59 0.60 0.49 

Spearman's 

rho 
0.30 0.25 0.27 0.19 0.64 0.62 0.64 0.59 

SDI Chouly 
SPI 

Chouly 

RAI 

Chouly 

PN 

Chouly 

DI 

Chouly 

SPI 

Meurbah 

RAI 

Meurbah 

PN 

Meurbah 

DI 

Meurbah 

Annual 

Pearson 

Correlation 
0.85 0.86 0.87 0.79 0.82 0.83 0.85 0.72 

Spearman's rho 0.82 0.82 0.82 0.80 0.69 0.69 0.69 0.69 

Monthly 

Pearson 

Correlation 
0.43 0.44 0.34 0.34 0.46 0.48 0.37 0.44 

Spearman's rho 0.39 0.34 0.34 0.32 0.43 0.37 0.37 0.36 

Seasonal 

Pearson 

Correlation 
0.44 0.50 0.44 0.43 0.47 0.51 0.45 0.44 

Spearman's rho 0.40 0.40 0.40 0.37 0.43 0.41 0.42 0.39 
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Table IV.13. The correlation coefficients between SDI and meteorological drought indices for  Isser sub 

basin at different time scale. 
 

 

 
                

   

     IV.3.11.Trend analysis of hydrological drought indices 
 

              The annual trends of Mann Kendall indicate that the SDI values have statistically 

insignificant negative trend, represented insignificant decreasing trend for all stations, except 

the SDI of Zahra station which indicates significant negative trends at 0.05 level of 

significance with value -0.3 in annual, monthly, and seasonal scale, this finding of the 

negative trend was seen in annual, monthly, and seasonal runoff at Zahra station, which 

indicate the downward trend of annual runoff which reveal the presence of dry periods in the 

time series. For the rest of stations on monthly and seasonal scale showed insignificant 

positive trend at Sebdou, Chouly, and Sidi Aissa stations, while Zenata station showed 

insignificant positive trend on monthly scale, and insignificant negative trend on seasonal 

scale. 

The evolution of SDI values of the hydrological stations did not coincide with or correspond 

to meteorological drought indices, this result is particularly evident at Khemis sub basin 

(between Khemis and Zahra station). The results are shown in table IV.14. 

 

Table IV.14. Mann Kendall test results of SDI at all stations in different time sale. 

Scale 

Station 

Sebdou Zahra Zenata Chouly Sidi Aissa 

SDI 

Annual -0.03 
 

-0.3* -0.06 -0.18 -0.2 

Monthly 0.01 -0.3* 0.03 0.02 0.05 

Seasonal 0.03 -0.3* -0.009 0.006 0.02 

                              * if trend at ≤ 0.05 level of significance. 
 

 

 

 

 

 

 

 

SDI Sidi Aissa 

SPI 
Ouled 

Mimoun 

RAI 
Ouled 

Mimoun 

PN 
Ouled 

Mimoun 

DI 
Ouled 

Mimoun 

SPI Sidi 

Bounakhla 
RAI Sidi 

Bounakhla 
PN Sidi 

Bounakhla 
DI Sidi 

Bounakhla 

Annual 

Pearson 

Correlation 
0.20 0.22 0.23 0.15 0.77 0.78 0.79 0.67 

Spearman's rho 0.17 0.17 0.16 0.13 0.67 0.67 0.67 0.68 

Monthly 

Pearson 

Correlation 
0.52 0.42 0.31 0.38 0.47 0.41 0.32 0.36 

Spearman's rho 0.52 0.31 0.29 0.24 0.46 0.30 0.33 0.23 

Seasonal 

Pearson 

Correlation 
0.55 0.60 0.56 0.54 0.53 0.55 0.49 0.44 

Spearman's rho 0.58 0.57 0.58 0.53 0.54 0.53 0.54 0.50 
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IV.4. Conclusion 

 

A comparative assessment of drought for the Tafna basin allowed discussing the 

performance of the indices during the period 1979-2011. The following conclusions can be 

drawn from this research: 
 

 The SPI and DI have performed similar response to the drought categories. Where the 

similarity of data level (rainfall input), and the simplicity of calculations of these indices 

led to removing the difference between the indices. 

 The RAI and PN were found to be more able to detect more drought categories and 

describe the drought conditions well compared with the SPI and DI. 

 All indices indicated similar categories droughts when it was the highest and lowest of 

rainfall. 

 Providing a figure for the average indices with involving also the average rainfall for each 

scale may help better for drought identification and also analyse characteristics. 

 SPI is recommended for use in comparison studies since it has good correlations with 

various time steps of other indices. 

 Tafna basin was characterized by a moderate to extreme severity drought periods 

determined by the four indices during 1982, 1987, 1999. While the extremely wettest was 

in 2008 during the wet period 2000-2011. 

 The best correlation for the four indices at different time scales reflected the similarity 

between the durations of drought and well adapted to the study area.  
 

 The results of trends based on the Mann-Kendall test showed generally no tendency of the 

indices series on annual and seasonal scale except Djebel Chouachi station that has an 

upward trend with RAI, DI on a seasonal scale. On the other hand, the significantly 

positive trend in the indices was mostly detected on the monthly scale. 

 The assessment of the influence of NAO (North Atlantic Oscillation) on drought revealed 

that the dry and wet events during the period of the study are associated with the positive 

or negative phase of NAO, where the positive phase of NAO matched with the dry period 

1980-1999, and the negative phase with wet period 2000-2011. 

 The results of SDI have shown that the frequency of drought category varies according to 

the time scale considered. 

 Hydrologic drought shows a more drought (wet) condition when the meteorological 

drought exhibits a deficit (excess). 

 The hydrologic drought is not matched the meteorological indices. It could be noted that 

SDI time series show higher variability over series than the meteorological drought. This 

indicates different of representing the drought or wet conditions in the sub basins. 

 As for the correlation results, they showed that relations between meteorological and 

hydrological (SDI) droughts are strongly on the annual scale. 

 The current research recommended for orienting into the detection of drought indices 

based on the availability of more input data such as evapotranspiration (Gocić and 

Trajković, 2013) for assessment of drought characteristics and monitoring of drought 

conditions. 
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 The drought analysis showed that hydrological drought is associated with a shortfall in the 

surface water supply (runoff), rather than with a direct shortfall in rainfall, however, 

hydrological drought may be the result of long-term meteorological droughts. 

 According to the drought trends and their frequency, the water resource management 

strategies should be adjusted, especially in the rainfall seasons(September -May months), 

where the deficit of water resources may affect agricultural activities in semi-arid regions. 

It is noted that the drought trend basically related to rainfall trends. Focusing on these 

trends is inevitable during the decision making of strategies for water resources related to 

agricultural production. 
 

The analyse of the drought temporal evolution showed different climates conditions 

(dry/wet), this separation of wet and dry periods was used for hydrological modeling to 

evaluate the simulation efficiency and if the models selected are capable of simulating 

runoff during the different periods. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

 

 

 

 

 

 

 

CHAPTER FIVE 

COMPARISON OF THE PERFORMANCE OF 

TWO HYDROLOGICAL MODELS: 

 (GR4J and HBV LIGHT) 
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V.1. Introduction 

 The hydrological modeling analysis reflects part from the impact of climate variability on 

available water quantities in the studied basin, where describes the rainfall relationship with 

flow. Rainfall-runoff modeling aims to reproduce the flow response of a watershed to rainfall 

observations at a daily time step. The objective of this chapter is to analyses the water balance 

performance of the response results provided using hydrological modeling by  comparing the 

performance of two hydrological models (GR4J, and HBV light), with a global approach for the 

simulation of daily flows with five sub-basin of Tafna. The sufficient number of models is 

necessary to represent the compromise and managing the possible dispersion. The GR4J model 

considers the precipitation of the sub-basins as an average, while the HBV light takes into 

account the snow influence on the hydrological regime with showing interesting performances. 

 The chapter will be divided into three parts. The first part will be dedicated to a show the 

simulation results obtained by the two models (the calibration and validation) to judge the 

suitability. The second is for the comparison of the performances of the models in different sub 

basin of the study area to understand the uncertainties linked to hydrological modeling, and to 

analysis the assessment of the model, and the third part will expose the comparison between the 

results of the hydrological response of these models in different climates conditions and different 

sub basins.  

The application of hydrological models provides a proper estimation of the water quantity. This 

approach could give confidence to decision-makers to develop water resource strategies and 

provision which their dimensions must be adapted to different climate conditions, and 

potentially transferable to other Mediterranean regions for the sustainable management of water 

resources. 

V.2. Data used for the application of GR4J and HBV light models 
 

V.2.1. Input data  
 

 The input data for the GR4J model of the simulation process is the observed daily rainfall 

(mm), observed depth of runoff(mm), daily potential evapotranspiration (mm) which is 

calculated by the Oudin method (2004) to obtain better results than all the formulations tested, in 

terms of restitution of runoff rates, and daily runoff is expressed in depth of runoff in mm. For 

defining the average rainfall over each sub basins, such as Upstream Sebdou, and Khemis sub 

basins have been expressed by the only one existing rainfall station in the area. And for Wadi 

Boumessaoud, and Chouly sub basins, the Arithmetic mean method was used, to sum up, all the 

rainfall values from the rainfall stations of the sub basins , and then divide them by the number 

of stations in that basin (two stations for each sub basins). For sub basin that has an area is more 

than 500 km
2
, is the case of Isser sub basin, the average rainfall was obtained by the Thiessen 

polygon method, which made each station has endowed a weight based on its influence on the 

basin. 
 

 And for the HBV light model require observed daily rainfall (mm), depth of runoff (mm), 

daily temperature (°C), long term average monthly evapotranspiration (mm) as inputs. 
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V.2.2. Output data 

 

 The output of the model is simulated runoff  which will be compared with the observed 

runoff. 
 

V.3. Modeling methodology 

V.3.1. GR4J daily model 

 Start-up period 

 Before starting the rainfall-runoff simulation in GR4J model, the  initial phase set as 

mandatory which is determining the initial values for the model parameters before moving on to 

the optimization phase. This initial phase is considered as a physical necessity, and the problem 

of arbitrary choice of initial tank levels at the start of the test period in this phase can influence 

the optimal set of parameters of the model as well as its performance, and the solution is to 

choose a start-up period. It consists of taking into account that the results after an observation 

period are fixed in advance (Saidi, 2011). 

 Calibration period 

 Calibration phase is used for the optimization of the set of parameters manually through a 

certain number of simulations under an evaluation criterion (until the optimum values of the 

coefficient of the Nash-Sutcliffe quality criterion and of the coefficient of determination R²), and 

adjustment of 4 parameters (X1, X2, X3 and X4) with limited range to change, which is 

proposed by Cemagref (Saidi, 2011).This phase is done by comparison between the 

outputs(simulated runoff) of the model with the real observations (observed runoff). 

V.3.2. HBV light daily model 

 Calibration period 

 The calibration is done manually based on the expertise of the operator in diagnostic of 

the flow hydrographs with the assessment of certain performance indices of the model ( Nash, 

coefficient of determination R
2
) which is set as an criterion to optimize an number of parameters 

(catchment and vegetation parameters) to obtain simulated runoff that are as close as possible to 

the observed runoff. The operator tries to reconstruct the peaks, the delayed responses, low 

runoff rates and the classified runoff rate curve, while having a good balance sheet in water, as 

well as on the assessment of quantitative and qualitative criteria. 

V.3.3. Validation period (GR4J, HBV light) 

 This is a control phase to validate and ensure the optimized parameters during the 

calibration period. The validation period must be different from that of the calibration in order to 

check that this set of parameters can be transposed from one period to another. The first criterion 

of estimate the functioning of model is only consider validated models with good performance. 
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V.4. Application of GR and HBV light models 

 Based on the runoff data availability, a data period from 1985 to 2010, and the summary 

results of the homogeneity and trend tests for mainly hydro-climatic variability which indicate 

the year break of 2007, and for trend analysis indicate an increase at the end of the rainfall time 

series. In addition the evaluation of drought indices (Meterological and Hydrological index) 

concluded that the wet periods are in early 2000, and the dry periods are between 1990 to 1999. 

The period between 1990 to 2005 was determined to assess the model performance, the selection 

was taking account the minimum periods used for the applied models (HBV light). To reach the 

objective of the study, we divided the series into two periods of simulation (calibration, 

validation), the first period simulation consists of two phases: calibration over period 1990 to 

1999 (dry period), and validation over the period 2002 to 2005 (wet period), and the second 

period of the simulation consists of two phases: calibration over period 1990-1996 (dry period), 

and validation over period 1997-1999 (dry period) for the rainfall-runoff modeling for five sub 

basins (Upstream Sebdou, Khemis, Wadi Boumessaoud, Chouly, Isser) in the Tafna basin. 

 Two period is considering for both  GR4J and HBV light: 

 

 First simulation:  10 years, 1990 to 1999 (dry period) were chosen for calibration and 4 

years for validation 2002 to 2005 (wet period). The selection of the last period from the 

wet period (2000-2007) was due to the irregularity of dataset distribution of time series in 

each station (ups and downs of exceptional values), we selected the most stable period. 

 Second simulation: 7 years, 1990 to1996 (dry period) was used for calibration, and 3 

years for validation 1997 to 1999 (dry period). 

V.4.1. GR4J 

 The GR4J version used was developed by Perrin in 2002 and improved by Perrin et al. 

2003 to predict the daily runoff. The GR4J model contains two tanks, a routing tank and a 

ground tank (production).The entry data used in the model is P (mm), the ETP  by the Oudin 

method (mm), Q (mm) in daily time step. 

V.4.1.1. Simulation for first period (Dry/Wet) 

 Results of Calibration  

 The calibration test period is applied over the period of (September 1, 1990 - August 31, 

2000). The results of the calibration, coefficient of determination R², and the performance 

criteria (Nash) are shown in the following table V.1: 
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Table V.1. Results of simulation and optimize parameters for the calibration during the period 

(1990-1999). 
 

Sub basins  

Calibration period (1990-1999) 

Parameters 
Optimization criterion 

X1 X2 X3 X4 
Nash 

(Q)% 

Balance

% 

Coefficient of determination 

R² 

Upstream 

Sebdou 
5.60 -1 3.5 -0.2 66.3 120.2 

0.65 

Khemis 5.59 -1.60 3.39 0.42 
79.9 64 

0.78 

Wadi 

Boumessaoud 
5.36 -2.29 3 

-0.33 

 
59.3 57.7 0.56 

Chouly 
4.89 -1.82 3.74 -0.39 

80.6 86.1 
0.79 

Isser 4.90 -2.31 
3 0.11 70.6 62.8 

0.72 

 

  

 The calibration results obtained by the GR4J model for five sub basins of the Tafna basin 

over the period (1990-1999) of the simulation represent the ability of the model on making the 

response of the simulated runoff to be close as possible to observed runoff through optimizing 

calibration, and by taking consideration the interval limits of the parameters of the models, and 

the results showed adequation from average to good between simulated and observed according 

to the Nash criteria within the values of 66.3, 79.9, 59.3, 80.6, 70.6, while the coefficient of 

determination vary within 0.65, 0.78, 0.56, 0.79, 0.72 for Upstream Sebdou, Khemis, Wadi 

Boumessaoud, Chouly, and Isser sub basins respectively. The highest value was found at Chouly 

sub basin, this is appears by the compatibility between observed and modeled the hydrograph 

(fig.V.1) clarifying that the model is fairly well calibrated with the notice that the peak runoff are 

underestimated by the model and this might be due to the problem related to the identification of 

unit hydrographs for the massive runoff component in the narrow and very long basins. The 

representation of the distribution of points are important to detect the alignment of the observed 

and simulated points along the line y = x which is useful to better appreciate the quality of the 

validation results, and it showed that the distribution are aligned harmoniously around the line of 

equation y = x with the exception of a few points. And balance sheet showed low value at Wadi 

Boumessaoud sub basin (57.7%), while high value at Upstream Sebdou sub basin (120.2%), 

where the parameters are close to each other (4.89 ≤ X1(mm) ≤ 5.80, -2.31 ≤ X2(mm) ≤ 1.20, 3 

≤ X3(mm) ≤ 3.74, -0.39 ≤ X4 (days) ≤ 0.42), The different parameters sets for each sub basin 

may be assumed that the basins have different hydrological properties, and shows that the 

lumped calibration parameters reflect an intermediate level of these various properties. However, 

the most sensitive parameters turn out to be the groundwater recharge (X2) and routing tank 

(X3). It was by insisting on these two parameters that the best results came out for the Nash. 

Note that the negative value of (X2) reflects groundwater recharge (Oddos, 2002), and the model 

simulates a loss of water (Gherissi, 2017) when the rain arrives on the ground is about to 

infiltrates and stored at the level of the production tank due to the karst formations and the depth 

losses by infiltration at the level of the fault network characterizing the basin. The time base of 
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unit hydrograph (x4) was fairly unresponsive during calibration, which shows no obvious 

correlation with physical phenomenon. The daily variability of the runoff is remarkable in the 

simulation period. This variability is reflected in the model by the level of the production tank 

which varies between 4.89 mm and 5.60 mm and the capacity of the routing tank which varies 

between 3 mm and 3.74 mm. 

 

  

  

    



Chapter V       Comparison of The Performance of Two Hydrological Models (GR4J, and    HBV 

LIGHT) 
 

190 
 

 

Figure V.1.Results of simulation and correlation for the calibration during the period (1990-1999). 
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 Results of validation 
 

The validation test period is applied over the period of (September 1, 2002 - August 31, 

2006). The results of the validation, coefficient of determination R², and the performance 

criteria are shown in the following table V.2:  

 

  Table V.2. Results of simulation for the validation during the period (2002-2005). 

  

 The results of the simulated hydrograph between the observed flows and those simulated 

of the GR4J model (fig.V.2) for the period (2002-2005) shows a significant variation of the 

validation results in terms Nash criteria and the coefficient of determination, which defines 

average Nash criteria at Khemis, Wadi Boumessaoud, Chouly, and Isser sub basins (67.9, 64.9, 

62.5, 56.3 % respectively) and average Nash criteria at Upstream Sebdou which is (50.9% 

respectively) may due uncertainties resulting from uncertainties in the model structure, input 

data and parameter values. And good coefficient of determination found at Wadi Boumessaoud, 

Isser sub basins which clearly defines a similarity between the observed and simulated runoff 

with (0.72, 0.73 respectively), while as average values at Khemis and Chouly sub basins (0.68, 

0.55 respectively), and the low value of correlation at Upstream Sebdou sub basins (0.22 

respectively). The average performance with GR4J was considered in the two sub basins Wadi 

Boumessaoud and Isser although the good results of the coefficient of determination, because 

only the dispersion is quantified in this calculation, the coefficient of determination is a weak 

indicator of performance than the Nash; this issue is one of the major drawbacks of the 

coefficient of determination if it is considered alone (G. Tegegne et al. 2017). The instabilities of 

optimization criterion results may due to conceptual models structure, whose parameters cannot 

be deduced only from the physical properties of the basin and must be optimized against 

observational data (Sivapalan 2003), and which also confirming the variability and irregularity 

of the rainfall regime between the calibration phase (1990-1999), and the validation phase 

(2002-2005), and the simulation of validation is less satisfactory with parameters set of 

calibration.  

 

Five sub 

basins (Tafna 

basin) 

Validation period (2002-2005) 

Parameters 
Optimization criterion 

X1 X2 X3 X4 
Nash 

(Q)% 
Balance% 

Coefficient of 

determination 

R² 

Upstream 

Sebdou 
5.60 -1 3.5 -0.2 50.9 84.5 

0.22 

Khemis 5.59 -1.6 3.39 0.42 67.9 130.4 
0.68 

Wadi 

Boumessaoud 
5.36 -2.29 3 -0.33 64.9 92.3 

0.72 

Chouly 4.89 
-1.82 3.74 -0.39 62.5 100.2 

0.55 

Isser 4.90 -2.31 3 0.11 56.3 97.3 
0.73 
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Figure V.2. Results of simulation and correlation for the validation during the period (2002-2005). 

 

V.4.1.2. Simulation for second period (Dry/Dry) 

 Results of calibration  
 

 The calibration test period is applied over the period of (September 1, 1990 - 

August 31, 1997). The results of the validation, coefficient of determination R², and the 

performance criteria are shown in the following table V.3: 
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Table V.3. Results of simulation and optimize parameters for the calibration during the period 

(1990-1996). 
 

Five sub 

basins (Tafna 

basin) 

Calibration period (1990-1996) 

Parameters 
Optimization criterion 

X1 X2 X3 X4 
Nash 

(Q)% 
Balance% 

Coefficient of 

determination 

R² 

Upstream 

Sebdou 
5.65 -0.90 3 0.49 69.7 106.7 0.70 

Khemis 5.64 -0.99 4.12 0.39 76.3 99.2 
0.74 

Wadi 

Boumessaoud 
5.37 -2.30 3 -0.30 60 53.5 0.53 

Chouly 5.10 -2 3.70 -0.38 76.3 67.2 
0.76 

Isser 5 -2.30 3.20 0.2 70.9 61 
0.75 

   

 The results of simulation of GR4J for five sub basins in Tafna basin are showing in table 

V.3 and figure V.3 that the values of the optimization criterion (Nash) and coefficient of 

determination obtained in the calibration phase (1990-1996) are good at Upstream Sebdou, 

Khemis, Chouly, and Isser sub basins with Nash (69.7, 76.3, 76.3, 70.3% respectively), similar 

results were obtained for the coefficient of determination(0.70, 0.74, 0.76, 0.75, respectively), 

and average value of Nash (60 %) and coefficient of determination (0.53) for Wadi 

Boumessaoud sub basin. Overall, model described the runoff dynamics very well in this time 

phase (1990-1997), considering all of the parameter set up to calibrate model, the most sensitive 

parameters turn out to be the groundwater recharge (X2) and routing tank (X3) which showed 

best results. Note that the negative value of X2 indicate a loss of water to groundwater recharge 

(Oddos, 2002) due to karst formations which allows water to infiltrate in the level of the 

production tank. The daily variability of the runoff is remarkable in the simulation period. This 

variability is reflected in the model by the level of the production tank which varies between 5 

mm and 5.64 mm and the capacity of the routing tank which varies between 3 mm and 4.12 mm. 

According to the simulated diagrams of simulated and observed runoff, the simulated runoff 

model are underestimated by the GR4J in the peak of observed runoff in calibration period, this 

can be explained by the saturation of geological structure which is attributed to increase the 

amount of the observed runoff, while the model underestimated the runoff resulting in a high 

volume error and underestimated the high runoff peaks. 
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Figure V.3.Results of simulation and correlation for calibrating during the period (1990-1996). 

 

 Results of validation 

The validation test period is applied over the period of (September 1, 1997 - August 31, 

2000). The results of the validation, coefficient of determination R², and the performance 

criteria are shown in the following table V.4:   
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     Table V.4. Results of simulation for the validation during the period (1997-2000). 

 
  

 The results of the validation for the dry period (1997-1999) for five sub basins showed 

a weak value of Nash (49.3%), and an average value in a coefficient of determination (0.50) at 

the Upstream Sebdou sub basin, which may due to uncertainties in the input data (the 

relationship between observed rainfall and runoff), and defines average Nash (51.4, 58.1, 

52.1%), and from average to good values of coefficient of determination (0.49, 0.51, 0.64) at 

Wadi Boumessaoud, Chouly, Isser sub basins, respectively, while good results of Nash and 

coefficient of determination (62.8%, 0.63, respectively) at Khemis, which clearly defines the 

similarity between the observed and simulated runoff (fig. V.4). Overall, the results showed 

clear improvement from the dry period (1997-1999) of Nash range between 49.3 and 62.8 % to 

the wet period (202-2005) of Nash range between 50.9 and 67.91%.  However, the results of the 

two validation period were generally acceptable.  
 

  
  

Five sub 

basin (Tafna 

basin) 

Validation period (1997-1999) 

Parameters 
Optimization criterion 

X1 X2 X3 X4 
Nash 

(Q)% 
Balance% 

Coefficient of 

determination 

R² 

Upstream 

Sebdou 
5.65 -0.90 3 0.49 49.3 98.5 0.50 

Khemis 5.64 -0.99 4.12 0.39 62.8 80.2 0.63 

Wadi 

Boumessaoud 
5.37 -2.30 3 -0.30 51.4 72.8 0.49 

Chouly 5.10 -2 3.70 -0.38 58.1 55.5 0.51 

Isser 5 -2.30 3.20 0.2 52.1 61.8 0.64 
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Figure V.4. Results of simulation and correlation for the validation during the period (1997-1999). 

 
V.4.2. HBV light 

V.4.2.1. Simulation for first period (Dry/Wet) 

 Results of calibration  
 

The calibration test period is applied over the period of (September 1, 1990 - August 31, 

1997). The results of the validation, coefficient of determination R², and the performance 

criteria are shown in the following table V.5: 
 

Table V.5. Results of simulation and optimize parameters for the calibration during the period 

(1990-1999). 

Calibration period (1990-1999) 
Five sub basin (Tafna basin) 

Parameters 
Upstream 

Sebdou 
Khemis 

Wadi 

Boumessaoud 
Chouly Isser 

V
eg

et
a

ti
o

n
 p

a
ra

m
et

er
s 

TT (°C) 11.1 8 -1 8.2 7.2 

CFMAX (mm/(d°C)) 0.009 0.58 0.9 1.5 1 

SFCF [-] 0.01 1 0.1 0.47 0.05 

CFR [-] 0.4 0.01 6 0.8 0.5 

CWH [-] 0.05 0.01 1.5 15 1 

FC [-] 511 389 490 100 51 

LP [-]  0.151 0.17 0.03 0.68 0.01 

BETA [-] 1.13 1 0.97 2.4 80 

C
a

p
tu

re
 

p
a

ra
m

et
er

s 

PERC [mm/d] 4.1 8.9 7 6.2 5.2 

UZL (mm) 5.13 11 0.01 11.1 7.8 

K0 [1/d] 0.99 0.99 0.99 0.99 0.99 

K1 [1/d] 0.99 0.7 0.99 0.54 0.63 
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 The calibration results with HBV light model over period (1990-1999) are provided in 

table V.5, summarizing the parameters (TT, CFMAX, SFCF, CFR, CWH, FC, LP, BETA, 

PERC, UZL, K0, K1, K2, MAXBAS...ect), Nash, and coefficient correlation estimates. The 

Nash value was reasonably good as 63.6, 68.1, 65, 64.8%, with four sub basins: Upstream 

Sebdou, Khemis, Wadi Boumessaoud, and Chouly respectively, with the exception of one sub 

basin Isser indicating very good value (76.6%). For coefficient correlation were also quite good 

with four out five sub basins were found to be 0.64, 0.68, 0.66, for Upstream Sebdou, Khemis, 

and Wadi Boumessaoud, respectively, while the very good value was at two sub basins Chouly 

and Isser (0.74, 0.78, respectively). Through examination of the hydrographs of the observed 

runoff and those of the simulated runoff for the calibration period (fig.V.5), the calibration 

results of the model showed satisfactory similarity between the observed and simulated runoff, 

depicting reasonably good performance, with generally a tendency to underestimate the peaks. 

Note that the shape of the curves of the simulated runoff of Isser sub basin produces well with 

HBV light closer to the observed runoff; these results reflect the ability of the model to represent 

runoff rates similar to the observed runoff in this time of period. 

 The performance of HBV light calibration showed that TT, LP, FC, and K0 are the most 

sensitive parameters to contribute a major change to simulation process, whereas the other 

parameters tend to have a moderate effect but the slight changes in these parameters values 

cause a change in one another. The lower values of CFMAX (0.009 mm/d°C) and SFCF(0.01) 

was defined in  Upstream Sebdou sub basin, may due its location a mountainous and rainy area 

where the temperature is low that prevent melting snow in the elevated areas. The highest values 

of K1 (d
-1

) and FC which all represented the storage in upper zone (mm) as shown in sub basin 

Upstream Sebdou (0.99, 511 resepectively), and Wadi Boumessaoud (0.99, 490 respectively), is 

related to the soil characteristics in sub basins which is constitute of calcareous-sandstone or 

marno-sandstone crusts as well as calcification clays which are characterized by reserving the 

amount of water in the upper part of the soil and decreasing the movement of water to 

downward. The lower value of FC (51) at Isser sub basin provide a much better optimization 

criterion between runoff observed and simulated (76.6% for Nash, 0.78 for coefficient of 

determination). The proportion of runoff through groundwater represented by the PERC 

parameter shows higher values at Khemis, and Wadi Boumessaoud sub basins (8.9, 7 mm/d) 

which are due to the karstic formations and the losses at depth by infiltration at the level of the 

groundwater network. Meanwhile, K0 remains constant at 0.99 for all the observation stations. 

K2 [1/d] 0.12 0.05 0.39 0.26 0.1 

MAXBAS [d] 2.85 3 1.54 1.7 1.9 

Cet [1/°C] 2 1 2 1 2 

Optimization 

criterion 

Nash (Q)% 63.6 68.1 65 64.8 76.6 

Coefficient of 

determination R² 
0.64 0.68 0.66 0.74 0.78 
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Figure V.5. Results of simulation and correlation for the calibration during the period (1990-1999). 

 
 Results of validation 

The validation test period is applied over the period of (September 1, 2002 - August 31, 

2006). The results of the validation, coefficient of determination R², and the performance criteria 

are shown in the following table V.6:  
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Table V.6. Results of simulation for the validation during the period (2002-2005). 

 
 For the model validation over the wet period (2002-2005), the values of the Nash are 

within the range of 10.1 and 49.6% and the coefficient of determination is within the range of 

0.102 and 0.538. The validation results are not satisfactory and weaker than the calibration 

results, the degradation of the optimization criterion may due to the significant change between 

the calibration data (dry period) and the validation data (wet period). Comparing simulated with 

observed hydrograph (fig.V.6) shows significant fluctuations. The majority of peak runoff is 

underestimated in the model simulation, which made the optimization results less satisfactory for 

the validation period with the conclusion that the model is not well representing the runoff 

peaks. 

 

Validation period  

(2002-2005) 
Five sub basins (Tafna basin) 

Parameters 
Upstream 

Sebdou 
Khemis 

Wadi 

Boumessaoud 
Chouly Isser 

V
eg

et
a

ti
o

n
 p

a
ra

m
et

er
s 

TT (°C) 11.1 8 -1 8.2 7.2 

CFMAX (mm/(d°C)) 0.009 0.58 0.9 1.5 1 

SFCF [-] 0.01 1 0.1 0.47 0.05 

CFR [-] 0.4 0.01 6 0.8 0.5 

CWH [-] 0.05 0.01 1.5 15 1 

FC [-] 511 389 490 100 51 

LP [-]  0.151 0.17 0.03 0.68 0.01 

BETA [-] 1.13 1 0.97 2.4 80 

C
a

p
tu

re
 p

a
ra

m
et

er
s 

PERC [mm/d] 4.1 8.9 7 6.2 5.2 

UZL (mm) 5.13 11 0.01 11.1 7.8 

K0 [1/d] 0.99 0.99 0.99 0.99 0.99 

K1 [1/d] 0.99 0.7 0.99 0.54 0.63 

K2 [1/d] 0.12 0.05 0.39 0.26 0.1 

MAXBAS [d] 2.85 3 1.54 1.7 1.9 

Cet [1/°C] 2 1 2 1 2 

Optimization 

criterion 

Nash (Q)% 39.2 10.1 49.6 34.6 11.4 

Coefficient of 

determination R² 
0.18 0.10 0.53 0.38 0.14 
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Figure V.6. Results of simulation and correlation for the validation during the period (2002-2005). 
 

V.4.2.2. Simulation for second period (Dry/Dry) 

 Results of calibration  

 

The calibration test period is applied over the period of (September 1, 1990 – August31, 

1997). The results of the validation, coefficient of determination R², and the performance 

criteria are shown in the following table V.7: 
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Table V.7. Results of simulation and optimize parameters for the calibration during the period 

(1990-1996). 

 
 

The calibration performance of the HBV light model model at dry period(1990-1996) on 

five sub basins of the Tafna basin showed acceptable results, with the Nash ranging from (63.5 

and 81.1%), and with the coefficient of the determination ranging from (0.64 and 0.82) 

(tab.V.7). The hydrographs of the observed runoff and the simulated runoff (fig.V.7) showed 

that the model is well calibrated in this time period, with the observation of proportion between 

the two runoffs and the rainfall variations, unless the tendency to underestimate the peaks of 

simulated runoff due to the contribution of underground water to the detriment of surface runoff. 

An increase in the optimized values with increasing altitudes is therefore reasonable (Seibert, 

2000). 

 The low value of the SFCF (0.008) and higher values of FC (899) were defined at 

Upstream Sebdou due to characteristics of area (mountainous) and geology as explained in 

above section. The recession coefficients (K2) has low value (0.01 1/d) with large basin size 

(Isser sub basin, 696.1 km
2
 due to a wetter and more uniform hydrograph in a larger basin, 

(Seibert et al., 2000), however also the geological differences with an extensive porous aquifer 

in the main valley of the basin has also main role in this basin. 

 

Calibration period (1990-1996) 
Five sub basins (Tafna basin) 

Parameters 
Upstream 

Sebdou 
Khemis 

Wadi 

Boumessaoud 
Chouly Isser 

V
eg

et
a

ti
o

n
 p

a
ra

m
et

er
s 

TT (°C) 10.15 9.2 2.6 8.3 9.99 

CFMAX (mm/(d°C)) 0.008 0.94 0.07 11.7 17 

SFCF [-] 0.008 0.3 0.3 0.7 0.43 

CFR [-] 1.84 1.3 0.1 11 0.55 

CWH [-] 0.34 21 0.1 12 1.3 

FC [-] 899 530 880 87 48 

LP [-]  0.1 0.05 0.001 0.02 0.02 

BETA [-] 0.9 0.71 0.76 15 33 

C
a

p
tu

re
 p

a
ra

m
et

er
s 

PERC [mm/d] 3.25 8.7 6.1 18.1 15.6 

UZL (mm) 4.44 13.2 0.04 0.4 0.6 

K0 [1/d] 0.99 0.99 0.99 0.99 0.99 

K1 [1/d] 0.99 0.99 0.99 0.99 0.99 

K2 [1/d] 0.12 0.5 0.38 0.4 0.07 

MAXBAS [d] 2.85 2.9 1.49 1.68 1.93 

Cet [1/°C] 2 0.4 0.9 1 2 

Optimization 

criterion 

Nash (Q)% 63.5 77.1 65.9 80.8 81.1 

Coefficient of 

determination R² 
0.64 0.77 0.67 0.82 0.82 
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Figure V.7.Results of simulation and correlation for the calibration during the period (1990-1996). 
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 Results of validation 

 The validation test period is applied over the period of (September 1, 1997 - August 31, 

2000). The results of the validation, coefficient of determination R², and the performance criteria 

are shown in the following table V.8: 

Table V.8. Results of simulation for the validation during the period (1997-1999). 

 
 The analysis of the validation results at dry period (1997-1999) revealed that the values 

of the optimization parameters obtained are weak for Nash (≤42.8%), and also for coefficient of 

determination (≤0.48) compared to those obtained in the calibration phase with the same 

calibrated parameters of the model. The degradation in the values of the optimization parameters 

can be explained by the irregularity of the rainfall during this period and the state of the soil, 

where the observed runoff are very high than the simulated runoff (fig.V.8), it showed that the 

model decrease the runoff degree for periods of the low rainfall. 

 

 

 

Validation period  

(1997-1999) 
Five sub basins (Tafna basin) 

Parameters 
Upstream 

Sebdou 
Khemis 

Wadi 

Boumessaoud 
Chouly Isser 

V
eg

et
a

ti
o

n
 p

a
ra

m
et

er
s 

TT (°C) 10.15 9.2 2.6 8.3 9.99 

CFMAX (mm/(d°C)) 0.008 0.94 0.07 11.7 17 

SFCF [-] 0.008 0.3 0.3 0.7 0.43 

CFR [-] 1.84 1.3 0.1 11 0.55 

CWH [-] 0.34 21 0.1 12 1.3 

FC [-] 899 530 880 87 48 

LP [-]  0.1 0.05 0.001 0.02 0.02 

BETA [-] 0.9 0.71 0.76 15 33 

C
a

p
tu

re
 p

a
ra

m
et

er
s 

PERC [mm/d] 3.25 8.7 6.1 18.1 15.6 

UZL (mm) 4.44 13.2 0.04 0.4 0.6 

K0 [1/d] 0.99 0.99 0.99 0.99 0.99 

K1 [1/d] 0.99 0.99 0.99 0.99 0.99 

K2 [1/d] 0.12 0.5 0.38 0.4 0.07 

MAXBAS [d] 2.85 2.9 1.49 1.68 1.93 

Cet [1/°C] 2 0.4 0.9 1 2 

Optimization 

criterion 

Nash (Q)% 21.0 0.2 42.8 4.3 11.3 

Coefficient of 

determination R² 
0.22 0.01 0.48 0.08 0.14 
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Figure V.8. Results of simulation and correlation for the validation during the period (1997-1999). 

 

V.5. Comparison of models performance 

 The comparison of the performance of the two models in the two phases (dry/wet period, 

dry/dry period) for the five sub basins studied showed that the values of the Nash criteria and the 

coefficients of determination between the observed runoff and the runoff simulated during the 

calibration period have good results for both models at Khemis, and Isser sub basins within 

values (68.1, 76.6.1%), except Chouly (64.8%) for first calibration phase (1990-1999) with HBV 

light. That means the two models simulate the runoff well and indicate better performance 

despite the underestimation of runoff in peak values due to that these models don't consider the 

contribution of the groundwater in the excess of runoff (geology aspect). Although certain values 

in the simulation seem to compensate for each other which gave similarity of distribution 

between observed and simulated runoff.  

 Through both calibration phase, the HBV light showed in general good results than GR4J 

with improvement in the Nash between the simulated and observed that can be explained to the 

important of number of the optimizable parameters (HBV light with its 15 parameters), for 

example the snowmelt parameter shows the influence of the effectiveness on the simulation 

process, Where the hydrograph of simulated and observed runoff with temperature explains the 

null runoff during of the period of the study, which show the HBV light contribute in semi arid. 

It should be noted that these same observations have been described in the work of Dakhlaoui 

(2014).  

 The extension of the number of parameters on large basins made it possible to find good 

simulations (Seibert, 1999a), as shown in Isser, and Khemis sub basins (696.10, 342.22 km
2
) 

compared to Wadi Boumessaoud sub basin (108.76 km
2
). The low Nash results for calibration 

periods (1990-1999, 1990-1996) were observed at Wadi Boumessaoud sub basin (59.3, 60 %) 

for GR4J, and at Upstream Sebdou sub basin (63.6, 63.5%) for HBV light, this can be explained 

by the decrease in flows during the dry period experienced by the Tafna basin in 1990's.  
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  The great results of Nash were defined with GR4J in wet period (2002-2005) with (62.5, 

64.9 and 67.9%) at Chouly, Wadi Boumessaoud, and Khemis sub basins respectively. The 

average value of Nash (56.3%) was at Isser sub basin, while the lowest values were at Upstream 

Sebdou sub basin (50.9 %), and fairly acceptable results of simulation with dry period (1997-

1999) within range of Nash (49.3 - 62.8 %). The HBV light showed weak results for both period 

of validation (<49.6%). We notice that simulation of HBV light gave a little improvement in wet 

period (2002-2005) within range (10.1- 49.6%) compared with dry period (2002-2005) within 

range (0.2 - 42.8 %) with same sub basins.  

 In general, the validation phase with HBV light models shows unacceptable results in 

both periods, this can be linked to the rainfall irregularity of the periods, or to the quality of the 

data which can influence the simulation phase and the output of the model, due to the precision 

errors of the measuring instruments, the precision problems of the extreme runoff. 

 

V.6. Comparison between two validation periods for GR4J 

The two validation periods (2002-2005, 1997-1999) of the GR4J model for the five 

studied sub basins of the Tafna basin, show that for the first period (wet period), the Nash values 

were good reaching to 7.9 %, the same case for the coefficient of determination reaching to 

0.683. Although these values are lower than those of the calibration, the model gave good 

performances with most sub basins.  

The performance of model at dry period showed a little decrease of the optimization 

criterion compared to the first period, They can also be explained by difficulty of the model 

producing the simulated runoff similar to the observed runoff which has low values (near to 

zero) in short period (3 years) compared to the calibration period (7 years) as it was enabled to 

achieve a fit between rainfall and observed runoff where the values compensates each other 

reflecting good performance. The results of two validation periods were shown in figure V.9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure V.9. Validation results for wet and dry periods for GR4J. 
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V.7. Comparison between parameters and performance of HBV light 

 In general, the HBV light is performing good in the both calibration period, this result 

indicated that the model generally was able to reproduce the observed runoff. However, it does 

show good improvement in validation for wet period (10.1-39.2%) compared to dry period 

which showed deteriorate in Nash values (0.2-21%), where the peak flows were not always 

simulated perfectly over this period, probably due to the calibration parameters that do not match 

the data distribution in the validation, i.e. the parameters values are specific  to a certain period 

of time, in addition to the data quality caused by the errors in precision of measuring 

instruments, problems of precision in the extreme runoff, can influence the simulation and the 

model output, or may be due to the contribution of underground water at the expense of surface 

runoff. 

The calibration procedure with HBV light reveal three important parameters (the snowfall 

correction factor (SFCF), the maximum soil moisture storage (FC), and the groundwater storage 

coefficient, (K2)).The lower and the higher values of the maximum soil moisture storages 

showed weak performance for the dry period compared to wet period, which is reflecting the 

decrease of the rainfall amount that recharging the upper zone of storage during the dry period, 

or the recharge from the groundwater to upper reservoir, which is difficult to conceptualized 

with model depending on the output data (rainfall, runoff, temperature, evapotranspiration), 

specially with parameter values (calibration period) representing different data and time series. 

The improvement of performance of the model in the dry period are compatible with low values 

of K2 that is representing the low value of water in the ground, which contributed to the 

production the simulate runoff closer to observed runoff. The increase of K2 showed an 

improvement of the model performance in wet period, despite the decrease of water to ground. 

The model however retained the possibility of producing closer runoff to observed runoff (fig. 

V.10). 

In general, the model showed weak improvement in performance. The minor differences 

between the two periods and between the sub basins could be related to the size and elevation, as 

well as their hydro-geological regimes. 
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Figure V.10. Comparison of parameter FC, SFCF, K2 and Nash for the wet and the dry periods 

for HBV light. 

 
V.8. Comparison between the simulated runoff of the GR4J and HBV light models 

V.8.1. Comparison between the simulated runoff of the GR4J and HBV light models in the 

calibration phase  

 The coefficients of determination between the simulated runoff of the two models 

GR4J, and HBV light during calibration (1990-1999) and (1990-1996) showed a good 

correlation (> 0.6, > 0.5, respectively), the first period of calibration indicate a little 

improvement than the second phase, and it is clearly shown in Upstream Sebdou, Khemis, and 

Isser (0.75, 0.84, 0.73) for the calibration (1990-1999) compared to the period (1990-1996), 

which showed with the same sub basins the values (0.69, 0.75, 0.65), that can be explained by 

the difference of the length of the data series between the two periods. 
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The figures V.11, V.12 showed that the majority of the points surround the line with the 

exception of a few points. This means that the models have the similarity in terms of response to 

produce the simulated runoff with minor differences between the models may due to the snow 

parameter, where the ETP and temperature are used with HBV light. 

 

        

       

    

 

 

 

 

 

 
 
  

 

Figure V.11.Correlation between the simulated runoff of the two models in the calibration (1990-1999). 
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Figure V.12. Correlation between the simulated runoff of the two models  in the calibration phase 

(1990-1996). 
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V.8.2. Comparison between the simulated runoff of the GR4J and HBV light models in the 

validation phase 

 The coefficients of determination during the two validation periods (2002-2005), 

(1997, 1999) (fig. V.13, V.14), showed deterioration, where the two models showed weak 

performance during these periods, this due to the difficulty of the two models in producing the 

simulated runoff similar to observed one with the values of calibration parameters, where these 

parameters are manually optimized fit certain period to give good results, and in addition to the 

difference of distribution of input data from period to other. 
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Figure V.13. Correlation between the simulated runoff of the two models  in the validation phase  

(2002-2005). 
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Figure V.14. Correlation between the simulated runoff of the two models  in the validation phase  

(1997-1999). 

 
V.9. Estimating the exceedance probability and cumulative observed runoff compared with 

simulated runoff from GR4J, HBV light 

V.9.1. Estimating the exceedance probability and cumulative observed runoff compared 

with simulated runoff from GR4J, HBV light for both the calibration periods 

 Percent exceedance probability curve gave better explaination of how well the model 

produces the observed runoff during both calibration. The flow duration curve (fig.V.15, 

fig.V.16) plotted for all the study sub basins. GR4J performs better in the both calibration period 

in Upstream sebdou, and Wadi Boumessaoud sub basins, and only produces the runoff similar to 

observed for first period in Khemis sub basin. In Chouly sub basin, all the two models showed 

similar exceedance probability for the both calibration period. Where in Isser sub basin, HBV 

light showed exceedance plot close to observed runoff than GR4J for both calibration. GR4J and 

HBV light produce low runoff frequency closely. 
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Figure V.15. Exceedance probability curve for observed and simulated runoff from GR4J, HBV light 

for calibration (1990-1999). 
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Figure V.16. Exceedance probability curve for observed and simulated runoff from GR4J, HBV light 

for calibration (1990-1996). 

 

 Cumulative runoff curve was plotted of two models for both calibration in all sub basins 

to understand the best-fit model to the observed runoff (fig.V.17, V.18). For both calibration 

1990-1999, and 1990-1997 showed similarity results for cumulative analysis, it notice that HBV 

light fits well with observed runoff in the sub basin Upstream Sebdou, Khemis, and Wadi 

Boumessaoud. In Chouly, GR4J fitted well with observed runoff. However, the Isser sub basin 

results showed that HBV light underestimated values of the runoff which was reason for not 

fitting to the observed during the first calibration period, while in the second calibration, it 

showed improvement of this model than the GR4J estimation to runoff. 
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Figure V.17. Cumulative runoff for observed and simulated runoff from GR4J, HBV light for 

calibration (1990-1999). 
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Figure V.18. Cumulative runoff for observed and simulated runoff from GR4J, HBV light for 

calibration (1990-1996). 
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V.9.2. Estimating the exceedance probability and cumulative observed runoff compared 

with simulated runoff from GR4J, HBV light for both the validation periods 

Figures V. 19 and V.20 illustrate the exceedance probability during both validation periods. 

These figures show that the GR4J was producing the high runoff during the first validation 

period with all sub basins except Upstream Sebdou, but it was superior to HBV light which gave 

low runoff with all sub basins at the same period. Although, the exceedance probability showed 

some significant differences in computing runoff during the second validation period, where it 

notes that both models showed underestimation of extreme high runoff at all sub basins, except 

Wadi Boumessaoud sub basin which showed an overestimation of runoff with GR4J. The two 

models showed an unsimilarity of capturing well the timing and magnitude of high and low 

observed runoff. 
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Figure V.19. Exceedance probability curve for observed and simulated runoff from GR4J, HBV light 

for validation (2002-2005). 
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Figure V.20. Exceedance probability curve for observed and simulated runoff from GR4J, HBV light 

for validation (1997-1999). 
  

 By comparing the simulation with the observation from two validation periods 

(fig.V.21, fig.V.22), the cumulative curve for first validation showed that the high runoff was 

overestimated by GR4J and HBV light compared to the observed one in the case of Khemis, and 

Isser sub basins. Except for Upstream Sebdou sub basin showed an overestimation of runoff 

with HBV light, and underestimating the runoff with GR4J. In Chouly and Wadi Boumessaoud 

sub basin, both high and low runoff were simulated well with GR4J, the best fitting was 

particularly for the medium runoff simulation, while HBV light underestimated the runoff for 

both sub basins. For second validation, the three sub basins Upstream Sebdou, Wadi 

Boumessaoud, and Chouly underestimated the runoff for both models. In the case of Khemis and 

Isser sub basins, the cumulative runoff produced by the two models is not sufficiently similar to 

the observed runoff. 
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Figure V.21. Cumulative runoff for observed and simulated runoff from GR4J, HBV light for 

validation (2002-2005). 
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Figure V.22. Cumulative runoff for observed and simulated runoff from GR4J, HBV light for 

validation (1997-1999). 



Chapter V       Comparison of The Performance of Two Hydrological Models (GR4J, and    HBV 

LIGHT) 
 

230 
 

V.10. Conclusion 
 

 In this chapter, we have attempted to compare the response of the two models: the 

Rural Engineering (GR) developed by Cemagreff, and (HBV light) developed by the SMHI 

(Swedish Institute of Meteorology and Hydrology) on a daily time step for five sub basins of the 

Tafna (Upstream Sebdou, Khemis, Wadi Boumessaoud, Chouly, Isser) in the northwestern part 

of Algeria across periods with wet and dry conditions. The hydrological behavior for the models 

represented the response in terms of producing the simulated runoff close to observed runoff 

based on relationships between the input of the model (rainfall, runoff, temperature), and in 

addition the manual optimization of the parameters of the models. The criteria that were used to 

compare the efficiency of the models are the Nash coefficient (Nash), the coefficients of 

determination (R
2
). In general, the results showed that the two models (GR4J, HBV light) gives 

a good performance (≥59, ≥63 %, respectively) for the two calibration periods (1990-1999), and 

(1990-1996). The results of validation indicated showed less performance in HBV light (10.1- 

49.6%, 0.2-42.8%) compared to the GR4J (50.9-67.9 %, 49.3-62.8%) for both validation period 

(2002-2005, 1997-1999, respectively), it may due to the difficulty of producing simulated runoff 

similar to the observed runoff because of the irregularity of rainfall which is not fitting the 

distribution of observed runoff, where the model was decreasing the runoff based on the lower 

value of rainfall especially in the dry period (1997-1999), while the observed runoff was higher. 

In addition, the probability of the parameter being the optimal parameter for several periods 

(validation) is based on the sensitivity of the parameter over the calibration period, or the reason 

is likely due to the measurement of the error in the data inputs, parameter uncertainty, where the 

parameter set that was used for calibration has some limitations in terms of quality and is 

questioning the suitability for validation (Beven & Westerberg, 2011; Nauditt et al., 2017). 

Furthermore, to account, other factors such as the saturation of soil (contribution of underground 

water to the detriment of surface runoff) were not considered in the model, where the region is 

characterized by Karstified recharge area. Most probably the lower number of rainfall stations in 

the sub basins might be another reason for not well representing the spatial distribution of 

rainfall, which further reflected in the hydrological behavior.  
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The main objective of this thesis is the comparison of the performance between the two 

lumped conceptual hydrological models  (GR4J, HBVLight) under different time periods 

representing climate conditions phases (wet, dry period) in diverse sub basins of the Tafna 

basin in Northwest of Algeria (Upstream Sebdou, Khemis, Wadi Boumessaoud, Chouly, and 

Isser). The comparison was based on exploring the hydrologic sensitivity of these sub basins 

to climate conditions (dry, wet period) through the analysis of the influence of the model 

parameters that are representing the hydrological process on runoff generation. The 

evaluation of the models performance was based on using different model performance 

criteria. 

 

To reach this perspective, it requires a methodology for selecting periods to different climate 

conditions, we have tried to use several statistical approaches to analysis variability of hydro-

climatic variables aims detecting the homogeneity, trend analysis (decrease or increase) of 

series, in addition, the estimation of droughts in terms of the quantification and 

characteristics, we have eight (8) rainfall stations and two (2) stations over a period extending 

from 1979 / 1980–2011 / 2012, and five (5) hydrometric series over the period 1979/1980-

2010-2011. 

 

The Tafna basin is a transboundary basin extending an area of 7245 km2. It is characterized 

by the abrupt relief of the Tlemcen Mountains with slopes greater than 25% in the south, and 

in the north by the Mediterranean Sea, high Oran plains, and valley. And by the Moroccan 

Middle Atlas,Traras mountains, and Plain of Maghnia in the west, While in the east by the 

plain of Sidi Bel Abbes, and The plain of Tafna is crossed between the aquifers in north, and 

the high Oran plains in the south. The basin is characterized by a very complex geology and 

great tectonics, which was evaluated from Primary to Plio-Quaternary. The type of geological 

formations distribution may influence the hydrological response of the basin. 

 

The hydrographic network of the basin is characterized by permanent or temporary wadis, 

and main stream with length is 170 km from Sebdou region. The length wadi varies between 

20.47 km (Wadi Boumessaoued sub basin) to 53.97 km (Isser sub basin) associated in this 

case to the surface of the sub basin, with the density is relatively higher in small area. The 

drainage density is homogeneous over the whole of the Tafna basin. And the landscape 

experienced degradation by extensive small-scale agriculture due to the diversity of the 

natural sets which allows a diversity of activities according to the different climatic stages 

and the nature of the soils.   

 

The statistical analysis of the variability of the hydro-meteorological series emphasized the 

presence of breaks mostly in the year 2007 with an significant trend  of the rainfall time 

series that highlighted an upward trend at the end for all the stations in the autumn season, 

which is mainly due to an increase in rainfall in September and October. The increasing trend 

in rainfall may lead to a rise in streamflow and enhance potential floods risks in low-lying 

regions of the study area. Unlike, it has been indicated a decline in runoff time series could be 

attributed to an increase in the temperature. 

 

Homogeneity, trend tests are an important basis for the quality and reliability testing of 

hydro- meteorological data and it should be noted that the data should represent a long-term 

series (at least more than 30 years) for detecting climate change. In addition, other factors 

such as the method for collection of data and reliability of the measurement should be 

considered as an important aspect in climate change studies. The analysis of trends based on 

statistical tests may be limited mainly because of data gaps, insufficient length of time series, 
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and other causes introducing uncertainty into the estimations. Liuzzo et al. 2017 presented the 

Bayesian procedure for estimating trendsand uncertainty sources and, thereby, demonstrated 

the ability to provide a broader analysis of trends at the regional scale and is recommended 

for consideration in the follow up studies (Liuzzo et al., 2017). 
 

The estimates of droughts are consistent in duration in terms of the start and end of the 

drought. The analysis of the long term changes between the period 1985 to 2010 showed that 

wet periods was indicated in the early 2000s, where the meteorological indices have a 

concurrence of the highest peak of wet year was 2008 with almost similar fluctuation of dry 

and wet phases which lead to conclusion that the rainfall amount is the most important factor 

for long term hydrological dry and wet periods identification as also confirmed by study of 

(Rimkus et al., 2013). 
 

The meteorological drought indices considered in this study is based on only rainfall and 

might tend to underestimate the real drought risk. Thus it should be evaluated using indices 

that include temperature and evapotranspiration, where the rising of the temperatures 

potentially increases evapotranspiration rates, and may aggravate drought conditions, as 

(Hansel et al,. 2016) suggested. 

The advantage of the selected lumped conceptual hydrological rain-runoff models (GR4J, 

HBV light) is the simplicity, availability, and low computational costs, and it includes an 

interface where all parameters, inputs, and outputs easily could be controlled, and require 

available data on rainfall, potential evapotranspiration, and runoff. The models were 

calibrated using two periods of different climate conditions (wet, dry), with the parameter 

sets which are different for each simulation of the five sub basins related to the variability of 

the hydrological variables and characteristics data of each sub basins to obtain the model 

response. The comparison between the two models shows that these models are not 

representing satisfactorily the diversity of the hydrological behavior of the sub basins, it 

relatively explains the conceptions of the hydrological response through the models' 

parameters, alongside highlighted the limits of the models used and their producing the 

hydrological responses in different climate conditions (dry, wet period). 

 

For the current work, which follows the performance comparison between these models in 

the five sub basins of the Tafna basin, we find that the GR model is more suitable in these sub 

basin in the wet period than the dry period due to the low-flow which likely corresponds to a 

change in the hydrological regime, thus accompanied with quite a low-performance level, 

where the more saturated basin, it will be obtain better performance of the lumped conceptual 

model. It is somewhat likely that should be highlighted the concept of how are functioning 

and reacting the models on the sub-periods in the series than the complete series of the time 

series during the calibration and validation phases, which highlighting climatic variability and 

its relation between the simulated runoff and those measured. However, The two models 

showed improvement from dry to wet conditions, where the rainfall-runoff modeling gives 

the best simulations with parameter sets for the wet period (Lidén and Harlin, 2000; Westra et 

al., 2014; Nauditt et al., 2017). This change in model performance is likely that hydrological 

systems are more closely related to the meteorological forcing under wet conditions, whereas 

in dry conditions runoff depends on the storage processes whose parameterization is highly 

uncertain (Gudmundsson et al., 2012). However, the assessments of the effects of climate 

conditions on hydrological model response are typically affected by a variety of uncertainties, 
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such as the hydrological model structure and parameter sets (Wilby and Dessai, 2010; 

Teutschbein et al., 2011; Teutschbein et al., 2015), in addition to the lack of input data  (soil, 

groundwater) that was not provided to the model to recognizing how these sub basins 

transport and store water which is able to conceptualize the hydrological behavior of the sub 

basins and help to improve process understanding this complex environment in a more 

comprehensive way, especially further of mountain hydrology and highly varying hydro-

climatic regimes, which need quality input data to reduce model uncertainty. The approach of 

this study is the impact of spatial and temporal on model performance which provides a view 

about water resources availability towards hydro-climatic variability and gives proper 

knowledge for future studies related to the impact of climate change and land-use changes on 

the hydrological system, and be can be transferred and applied to a similar setting in the 

Mediterranean region. The model may also be a useful tool for predictions of water 

availability on different climate conditions for further water management studies. 

 

Outlook and recommendation of the study 

This study is useful for conceiving complementary studies required to determine and 

understand the relationship between climate variability and the availability of the water 

resources of the Tafna basin. From the results obtained, we propose the following 

recommendation: 

 

- The spatial and temporal scale analyses of various indices that monitor the intensity of 

drought and water stress in the area should be conducted regularly for better 

environmental monitoring and water management planning. 
 

- Applying statistical methods can add interpretive conception when comparing model 

performance, where it can reflecting the conclusions that can be drawn from statistical 

hypothesis tests on analysing the performance criteria on the sub periods of the series. 
 

- Modeling division into low and high flows and comparative analysis of parameter sets 

during low flows and high flows, and improve discharge simulations by additional efforts 

and testing complex models are required. 
 

- Set up the parameters temporal transferability among different sub-periods of the 

original model and its modified version, in which the parameter was allowed to vary over 

time. This may provide new insights for improving the structure of existing hydrological 

models as the work of (Zeng et al., 2019) recommend. 
 
 

- Recommend expanding gauge networks, and building an efficient process of data 

collection to support and enable quality research. 
 

- Considering parameter uncertainty in the modeling approach to obtain reliable results. 
 

- Application of the new version of GR with two add parameters (GR6J) which were 

developed by Pushpalatha (2011) to obtain a better simulation of water exchange between 

the river and groundwater, which is one of the most important processes for low flow 

simulations. 
 



GENERAL CONCLUSIONS AND RECOMMENDATIONS 

235 
 

- In the aspect of choosing the right model for simulation, we should consider in the 

future studies, the modelling platforms as the study of (Kunnath-Poovakka and Eldho, 

2019), where they worked in modelling interfaces such as Source, by eWater, Australia, 

are reducing that challenge by integrating all the information for water resources 

management and modelling tools in one platform. 
 

- Using an approach to identify consecutive drought and predicting the return periods of 

droughts, and divided the series into homogenous sub periods under the same climate 

condition addressed to simulation rather than just indicating the rupture. 
 

- The diverse data are needed in hydrological models which would support the process of 

ameliorating the simulation results. 

 

- Proper knowledge of both subsurface flow and drainage basin characteristics is 

necessary otherwise it will create an adverse effect on model calibration, where the 

meteorological data and soil properties have got a large influence on the performance of 

each model. 
 

- Preferred using the multi-variable calibration method to provide a reasonable evaluation 

of performance and applicability of the model in two different cases using more than a 

single variable in the basin. 
 

-  Taking into consideration the recommendation of (Sezen et al.2018 ; Van Esse et al. 

2013) which stated that the better modeling results is in the larger basin compared to 

smaller area, where the  hydrological processes are mixed and have smoother behavior at 

larger scales, which enable easier modeling by the conceptual model structure. 
 

- Using several objective functions each focusing on a different aspect of the hydrograph 

(Specific streamflow characteristics) to evaluate different objective functions for their 

ability to produce simulated time series that adequately preserve the flow characteristics. 
 

- Evaluation of more calibration approaches, more model structures, and extending the 

types of study areas. 
 

- Application of models suitable for extremes and changes in flow conditions to be 

reliable and beyond the range of events during calibration and validation. 
 

 - Provide satellite rainfall product networks sparse and adequately distributed in the 

region (remote sensing data) may result in a perfect representation of rainfall spatial 

variability for future studies related to the conception of the relationship between rainfall 

and runoff, and including rapid advances in remote sensing technologies. 
 

- Recommend further application of the lumped model for different types of basins (i.e., 

mountainous, urban, peri-urban, and rural) with low data availability for providing more 

comprehensive conclusions on land cover distribution, land use, and the intervention of 

human activity on the environment. 

 

- Investigate how different process descriptions of the models respond to climate change 

scenarios and their impact on the runoff. 
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Appendix .1. Presentation of mountains and tributary of the study area 

 Upper part of the Tafna basin (Upstram Sebdou, Khemis sub basins) 

 

 

 

 

 

 

 

 

 

 

 

 The lower part of the Tafna basin (Wadi Boumessaoud) 
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 Middle part of the Tafna basin (Chouly, Isser sub basin) 

 

Appendix .2. Sen’s Slope trend analysis for monthly rainfall 
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Appendix .3. Sen’s Slope trend analysis for monthly runoff 
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Appendix .4. Sen’s Slope trend analysis for monthly temperature 
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