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Preface

Under the aegis of UNESCO, 26 agencies of the United Nations worked to produce the third world report on water resources (World Water Development Report), published on the occasion of the Istanbul World Water Forum held in March 2009. In contrast to the previous reports, the tone of this report is much more alarming. In fact, it is stated that, in spite of the vital character of water, the sector suffers from a chronic lack of political interest, bad governance, and underinvestment, and it is necessary to act immediately to avoid a global crisis.

Nevertheless, the annual global takings with regard to the volume of easily accessible and “usable” water are estimated today at 3800 billion m3, which only represents 25% of the usable resources. But this relative abundance does not reflect the enormous disparities in the geographical distribution of this vital resource. Some regions are indeed already in a state of water stress (resources lower than 500 m3 a year per capita), while others have to face disasters linked to the chronic overabundance of rainfall. These disparities lead to numerous and various difficulties.

On the demographic level, for example, world population growth increases water requirements to 64 billion m3 per year. Agriculture, economic development and power production make an essential resource more important according to the strategic choices and the commitments which depend on it.

The disorders resulting from climate change also have consequences on the hydrological cycle, and the IPCC forecasts agree on longer droughts and more numerous floods. These disorders will intensify the degradation of ecosystems that are already often overexploited.

On a sanitary level, it has already been noticed that in developing countries 80% of diseases are linked to the water, the consequence of insufficient access to drinking water and to a lack of infrastructure because of a double deficit: financing and politico-strategic choices.

Reviewing this whole worrying panorama of water today, one also has to take into account the increasing appropriation of environmental issues by public opinion, as well as the internationalization and globalization of discussion around the question of the water. The “blue gold” now stands out as one of the strongest stakes of the 21st century, with the threat of “water wars” in the background.

This 6th World FRIEND Conference, entitled “Global Change: Facing Risks and Threats to Water Resources” aims to make a quality scientific contribution to the answers required regarding future water stakes.
Eric Servat

HydroSciences Montpellier

Place E. Bataillon

F-34395 Montpellier Cedex 5, France 
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FRIEND 2010 – footprints of international cooperation over a quarter century

SIEGFRIED DEMUTH & JÉRÔME GANDIN
Hydrological Processes and Climate Section, Division of Water Sciences, UNESCO, Paris, France 
s.demuth@unesco.org
Abstract FRIEND is an international research programme under the umbrella of UNESCO’s International Hydrological Programme (IHP) that helps to set up regional networks for analysing hydrological data. FRIEND aims to improve the understanding of hydrological variability and similarity across time and space through a mutual exchange of data, knowledge and techniques at the regional level. In the past decades the networks have increased and attracted many universities, research institutes and national agencies in many countries around the world to actively participate. The scope of the research has also been expanded and covers a diverse range of topics, including low flows, floods, variability of regimes, modelling, tele-connection, process studies, sediment transport, climate change and variability, and land use impacts. The successful accomplishment of the programme depends on the efficient interaction between its internal management and its external environment. This paper looks back into the history of the programme, assesses the regional development, the scientific scope, and evaluates the performance of the programme by applying a SWOT analysis. Finally, as a result key achievements of the FRIEND programme since its inception in 1985 and its recommendations are presented in the paper.

Key words  FRIEND programme; SWOT analysis; hydrological data; network; capacity building; 
international cooperation

Global change: Facing Risks and Threats to Water Resources  (Proc. of the Sixth World FRIEND Conference, Fez, Morocco, October 2010). IAHS Publ. 340, 2010, 13-24. 
Spatialisation des zones bâties potentiellement exposées à l’aléa “crues rapides”dans le nord de la France: enjeux et perspectives

JOHNNY DOUVINET1, DANIEL DELAHAYE2 & PATRICE LANGLOIS3
1
Equipe d’Avignon, UMR ESPACE 6012 CNRS, Université d’Avignon et des Pays de Vaucluse, 74 rue Louis Pasteur, 84009 Avignon Cedex 1, France 

johnny.douvinet@univ-avignon.fr 

2
Laboratoire GEOPHEN, UMR LETG 6554 CNRS, Université de Caen Basse-Normandie, Esplanade de la Paix, 14035 Caen Cedex 5, France 

3
Laboratoire MTG, UMR IDEES 6266 CNRS, Université de Rouen, Rue Thomas Becket, 76130 Mont-Saint-Aignan, France

Résumé Les “crues rapides” constituent un risque majeur pour les régions du nord de la France et pourtant, peu d’études s’y sont spécifiquement intéressées car ces inondations: (i) affectent des petits vallons secs, dépourvus d’enjeux importants; (ii) apparaissent rarement aux mêmes endroits. Cette étude a dès lors pour objectif de proposer des cartographies préventives, notamment en identifiant les zones bâties potentiellement touchées par de telsces phénomènes, à une échelle régionale puis à une échelle intra-bassin. La démarche retenue se base volontairement sur des données simples (distribution des bâtiments, paramètres morphométriques des bassins précédemment touchés sur la période 1983–2005) afin de pouvoir être généralisée à d’autres régions. Les premiers résultats sont encourageants car les cartes paraissent conformes à notre connaissance-terrain et aux dires des experts locaux. 

Mots clefs  crues rapides; nord de la France; morphologie; cartographies préventives

Mapping urbanised areas and the flash flood hazards in northern France: challenges and perspectives

Abstract The aim of this study is to propose preventive maps to provide better information on the flash floods occurring on the loamy plains of northern France (Paris Basin). Classically-named muddy floods in such areas, these events are significant as they cause important damage on buildings and infrastructures and can cause loss of life. Few studies have focused on these hazards because they affect small-size basins, without highly urbanised areas, and rarely occur in the same areas. Preventive maps based on the main morphometrics characteristics detected on 189 affected basins over the period 1983–2005 and on the spatial distribution of built terrain were determined from the regional to local scales. First results give relevant information as these maps confirm our knowledge on local events, as well as the experience of local experts and the flooded population. 

Key words  low flow ; rainfall–runoff model; multiple regressions; catchment properties; parameters

Global change: Facing Risks and Threats to Water Resources  (Proc. of the Sixth World FRIEND Conference, Fez, Morocco, October 2010). IAHS Publ. 340, 2010, 25-31. 
Système d’aide à la décision pour l’estimation du risque hydrologique: application aux crues de la rivière Potomac 

SALAHEDDINE EL ADLOUNI1 & BERNARD BOBÉE2
el_adlouni@yahoo.com

1 Institut National de Statistique et d’Économie Appliquée, INSEA, Rabat-Maroc, Morocco

2 Institut National de la Recherche Scientifique Eau, Terre et Environnement, Canada
Résumé L’estimation des débits de crues est d’une importance majeure pour le dimensionnement et la gestion des ouvrages hydrauliques. Deux principales classes de lois sont utilisées en hydrologie pour l’estimation des débits de crue: les lois de la classe D des distributions sub-exponentielles et celles de la classe C à variations régulières qui ont une queue plus lourde. Aucun critère n’était disponible pour le choix entre ces deux classes de l’ajustement le plus adéquat surtout au niveau des valeurs extrêmes. Un Système d’Aide à la Décision (SAD) basé sur la caractérisation de la queue droite des lois de probabilité utilisées en analyse fréquentielle a été développé. Le SAD permet de discriminer entre les lois des classes C et D. Notons que le choix de lois de l’une ou de l’autre classe a une grande importance pour l’extrapolation (crue de période de retour élevée). Les résultats de l’application du SAD sur les crues de la rivière Potomac (USA) montre que la série des maxima est mieux représentée par une loi de la classe C.

Mots clefs  valeurs extremes; risque hydrologique; Système d’Aide à la Décision; comportement asymptotique; 
période de retour

Decision Support System for hydrological risk assessment

Abstract The estimation of flood flows is of major importance for the design and management of hydraulic structures. Two main classes of laws are used in hydrology frequency analysis: the class D of sub-exponential distributions and the class C of regularly varying distributions with a heavier tail. No criteria were available for the choice between these two classes of the most appropriate fit, especially at extreme values. A Decision Support System (DSS) based on the characterization of the right tail of probability distributions, used in frequency analysis, has been developed. The DSS allows us to discriminate between class C and D. Note that the class selection has a great importance for the extrapolation. The use of the DSS on the Potomac River flood (USA), shows that the maxima series is best represented by a distribution of the class C.

Key words  extreme values; hydrologic risk; Decision Support System; asymptotic behaviour; return period
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Groundwater drought development in the Nitra River catchment

MIRIAM FENDEKOVA & MARIAN FENDEK

Department of Hydrogeology, Faculty of Natural Sciences, Comenius University, Pavilon G, Mlynska dolina, 
842 15 Bratislava, Slovakia

fendekova@fns.uniba.sk
Abstract Temporal and spatial changes in groundwater runoff were studied in the Nitra River catchment (central Slovakia). Data from five discharge gauging stations and five groundwater observation wells were used to assess drought propagation through the catchment hydrological cycle. Groundwater drought was expressed through changes in baseflow values and groundwater heads and compared with the streamflow drought occurrence. It was confirmed that the streamflow drought has higher occurrence frequency and shorter duration in comparison with the baseflow drought. In both cases, the drought develops mostly in summer months, and lasts until the end of autumn – up to the winter months (S/A, S/W type). The multiyear droughts were detected among the baseflow drought periods. The baseflow drought is delayed after the streamflow drought. The groundwater head drought develops with even longer delay after the streamflow and baseflow drought and develops mostly in the autumn months lasting until the late winter, in some cases until the next spring (A/W, A/Sp type). No spatial pattern was distinguished when studying the groundwater drought occurrence in the Nitra River basin.

Key words  groundwater drought; groundwater head; baseflow separation; local minimum method; 
temporal and spatial development; Nitra River basin, Slovakia

Global change: Facing Risks and Threats to Water Resources  (Proc. of the Sixth World FRIEND Conference, Fez, Morocco, October 2010). IAHS Publ. 340, 2010, 40-46. 

Influence of ice regime on hydroecological safety under climate change: case study in the north of the European part of Russia 
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Abstract Various features of the river ice regime in the north of the European part of Russia are of critical importance for hydroecological safety. Spatial and temporal variability of these characteristics was analysed using the most up-to-date hydrometeorological data from 146 gauging stations in the study region. Trends of ice regime changes during recent decades were identified and interpreted in the context of the changing climate. It was found that under low flow conditions, autumn ice and slashed ice drifts became longer, ice jams more frequent, and freeze-up periods shorter. More frequent thawing spells resulted in decreasing ice thickness and snow storage in river basins. Winter break-ups were accompanied by ice jams and floods. High water levels during further freezing-up, as well as large amounts of slashed ice in river channels increased the risk of catastrophic ice jams. 

Key words  hydroecological safety, ice regime; climate change
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Projected changes in seasonal precipitation extremes in the Czech Republic
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Abstract The paper describes results of an analysis of changes in seasonal precipitation extremes from a number of transient regional climate model simulations for the Czech Republic, which was conducted within the ENSEMBLES project funded by the EU. It is assumed that the precipitation extremes follow the generalized extreme value distribution (GEV) with time-varying parameters. The regional frequency analysis is employed to reduce the standard errors of the parameter estimates. The Czech Republic is subdivided into four homogeneous regions within which it is assumed that most uncertain parameters of the GEV model are constant. The uncertainty is assessed by bootstrap resampling. The projected increase in precipitation extremes is large for the majority of the RCM simulations and for all seasons. The uncertainty of the estimated changes is, however, considerable.
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FRIEND’s contribution to the PUB Benchmark Assessment Report on low flow estimation
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Abstract The prediction of runoff in ungauged basins (PUB) is one of the key challenges of water resources management. A Benchmark Assessment Report is currently being compiled, which summarises the state of hydrological predictions for ungauged basins with various runoff signatures. Members of the EURO-FRIEND Low Flow and Drought group contribute to one chapter on low flow estimation. In this paper, two major European benchmark studies from the PUB Benchmark Assessment Report on low flow regionalisation are presented. In each study several competing methods are compared by cross-validation to shed light on the performance of different methods for predicting low flows in ungauged basins. The chapter on low flows is an example of how UNESCO-FRIEND has stimulated international cooperation and has established links with a related international programme (i.e. IAHS-PUB) to help gain knowledge and exchange best practise.

Key words  low flows; PUB benchmark report; prediction in ungauged basins; regionalisation; 
statistical modelling; process-based modelling; case studies
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Variabilité comparée du régime pluviométrique aux échelles régionale et locale sur la Haute Vallée de l’Ouémé au Bénin 
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Résumé Deux échelles spatiales ont été considérées pour analyser la variabilité du régime pluviométrique dans la région de la Haute vallée de l’Ouémé, notamment l’échelle régionale et l’échelle locale. A ces deux échelles, une analyse du cycle saisonnier des précipitations a été faite à l’aide des données d’observations journalières directes ou des données régionalisées sur 1950–2005. L’analyse des composites sec et humide du signal pluviométrique montre que le déficit pluviométrique des années sèches est surtout marqué après le “saut de mousson ». De même, les années sèches se caractérisent par un retrait précoce de la mousson qui semble avoir débuté à partir de 1970. Par ailleurs, les années après 1970 connaissent un décalage des pics de précipitations dont la longueur dépend de l’échelle spatiale considérée; ces pics étant atteints précocement. Le retrait précoce de la mousson et le décalage des pics de précipitation mis en évidence peuvent avoir des conséquences graves sur la production agricole, notamment en ce qui concerne les rendements de certaines cultures.

Mots clés  mousson; variabilité; cycle saisonnier; précipitation

Comparison of rainfall variability at regional and local scales in the Upper Valley of Ouémé in Bénin
Abstract Two spatial scales have been considered to assess the rainfall pattern variability in the region of the Ouémé Upper valley: the regional and local scales. A seasonal rainfall analysis has been made with observed or regionalized daily rainfall data for 1950–2005. Dry and humid composite analysis of the rainfall signal shows that the pluviometric shortage of dry years is amplified after the “monsoon onset”. In the same way, dry years are characterized by early monsoon withdrawal, which may have started in 1970. Furthermore, the years after 1970 show a shift lag in rainfalls. The length of these lags depends on spatial scale. The early monsoon withdrawal and the shift lag in rainfall revealed may have several consequences on agricultural production, especially on the yield of some crops.

Key words  monsoon; variability; seasonal cycle; rainfall     
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Hydrological processes controlling flow generation in a Mediterranean urbanized catchment
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Abstract In the southern Mediterranean many rivers are characterized by an alternation of long dry periods interrupted by short floods. In this context, understanding the catchment’s hydrological behaviour, especially during flood generation is essential to quantifying pollutant fluxes. This situation is observed in all the Maghreb countries, of which the famous city of Fez is a perfect illustration. The hydrological behaviour of Oued Fez was assessed through a coupled approach based on field observations and modelling. The analysis of rainfall–runoff events showed that flood generation is mostly caused by urban runoff over the large impervious zones of the city of Fez. A mathematical model based on the unit hydrograph method was used to synthesize the hydrological behaviour of Oued Fez. The model’s two parameters were estimated by trial and error. The results indicated that a single set of parameters can accurately reproduce most of the observed flood events. 
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Drought assessment using local and large-scale forcing data in small catchments 
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Abstract Drought is a natural hazard that occurs all over the world with significant impacts. For drought analysis, long time series of hydrometeorological variables are required. In many catchments around the world, insufficient hydrometeorological observations are available. Recently, global gridded re‑analysis meteorological datasets with coarse spatial resolutions (0.5º × 0.5º) became available. In this study, the potential use of a large-scale dataset at catchment scale was investigated by comparison of drought characteristics. A conceptual, hydrological model was forced with local and large-scale data to simulate time series of discharge, from which hydrological droughts were identified. The study was carried out in two contrasting catchments: Narsjø (Norway) and Upper-Metuje (Czech Republic). Similar results were obtained from drought analysis using either local or large-scale data. This holds for several drought characteristics. These results are encouraging for use of large-scale forcing data for drought research in small catchments with no, or limited observations. 

Key words  hydrological drought; drought analysis; HBV-model; large-scale data; forcing data; Czech Republic; Norway
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Caractérisation des événements secs dans un bassin du nord de la Tunisie 
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Résumé La présente contribution porte sur l’analyse par événement des périodes sèches rencontrées au cours de la saison humide dans un bassin au Nord de la Tunisie en utilisant l’analyse des pluies. Une période sèche est une série de jours avec des pluies quotidiennes inférieures à un seuil prédéterminé. Le climat Méditerranéen, est caractérisé par une saison humide s’étendant de septembre à avril. La pluviométrie moyenne de la région, durant 1968-2006, est de 680 mm. Une analyse conventionnelle des périodes sèches, effectuée en considérant un seuil de pluies journalières de 1 mm, montre que celles ci se produisent de façon aléatoire pendant la saison pluvieuse saqui est elle-même de longueur aléatoire (fonction stochastique). Pour déterminer la relation entre les différentes classes de la période sèche et entre les mois de la saison humide la théorie de Markov est utilisée. Dans l’analyse par événement, les séries des événements subséquents (secs ou pluvieux) sont considérées indépendantes et le nombre d’événements par saison suit approximativement une loi de Poisson. La durée des événements secs est supposée suivre une loi binomiale négative, tandis que les événements pluvieux qui sont généralement plus courts et par conséquent leur durée suit une loi géométrique. En planification, les événements secs de durée maximale associés à des périodes de retour différentes sont d’importance primordiale, dès lors la loi GEV est utilisée pour estimer ces valeurs. L’analyse par événements est appliquée pour générer des séquences synthétiques d’événements. Ces dernières permettent de définir et de calibrer des modèles de simulation pour la planification réaliste des réservoirs, l’estimation de la demande en eau d’irrigation et l’étude des effets d’un changement climatologique.

Mots clefs  climat Méditerranéen; événements pluvieux; événements secs; gestion de barrages

Characterization of dry spell events in a basin north of Tunisia

Abstract The characterization of dry events was studied. A dry spell can be defined as a sequence of dry days, including days with less than a threshold value of rainfall. The case study is a basin of north Tunisia, in a Mediterranean climate, where the rainy season extends from September until April. The average seasonal precipitation, during 1968–2006, was 680 mm. Conventional statistical analysis of dry spells is carried out using a threshold of 1 mm daily precipitation. It is shown that dry spells occur randomly during the rainy season. The theory of Markov was used to determine the relation between the various duration classes of the dry spell and between the months of the wet season. For the event-based analysis, the series of the subsequent events, dry or rainfall, is considered independent, thus their number per season should follow the Poisson distribution. Since the time is discretized in days, the waiting time follows the negative binomial pdf. Since rainfall events are shorter, their duration follow the geometrical probability distribution function. Rainy seasons have variable lengths, as they are a stochastic function themselves. For planning purposes, the longest dry events associated with the various statistical recurrence periods are derived on the basis of the fitted GEV type probability distribution functions. These event-based results are applied to generate synthetic sequences of rainfall and dry events and can be used for reservoir simulation studies, estimation of irrigation water demand and studies of the effects of climate change.

Key words  dry events; dam operation; Mediterranean climate; rainfall event 
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Impact des changements climatiques sur les débits dans le bassin du Chéllif (Algérie)
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Resume Plusieurs études récentes ont permis d’apprécier l’évolution historique des paramètres climatiques et des ressources en eau. Afin de vérifier cette évolution, nous avons opté pour le bassin du Chéllif situé dans le Nord de l’Algérie. Nous avons évalué l’impact du climat futur sur l’évolution des débits saisonniers aux horizons 2020 et 2050. Pour mieux cerner l’importance de ces impacts, on s’est basé sur l’analyse des débits moyens de la période de référence (1961–1990) et de les comparer à ceux qui pourraient résulter de changements des principales contraintes directes. La méthodologie utilisée repose sur le modèle GRM2. L’analyse des résultats montre une diminution des débits moyens mensuels bien marquée par rapport à la période de référence. A l’horizon 2020, la diminution la plus importante est de 28.2% enregistrée en hiver suivi par l’automne (16%). A l’horizon 2050, la réduction des débits est d’environ 40.2% et de 18% pour les saisons d’hiver et du printemps. Pour le Bas Chéllif et la Mina, la diminution des débits est de l’ordre de 13.5% et de 17.6% pour la saison d’automne et du printemps respectivement à l’horizon 2050.

Mots clef  changement climatique; débit; simulation; Chéllif; Algérie

Impact of climate change on runoff in the Chéllif basin (Algeria)

Abstract Several recent studies have assessed the historical evolution of climatic and water resources. To observe this trend we selected the Chéllif basin, located in northern Algeria. We evaluated the impact of future climate change on seasonal flows of 2020 and 2050. To better understand the importance of these impacts, we have based our analysis on average flow of the reference period (1961–1990) and compared them with those that might result from changes in the main direct constraints. The methodology used is based on the GRM2 model. The analysis of the results showed a marked decrease in average monthly flows over the period. By 2020 the largest decrease of 28.17% was recorded in winter, followed by autumn (16%). By 2050, the results will show a reduction of flow of about 40.16% and of 18% for winter and spring. For the Lower Chéllif and Mina, the lower rates are approximately 13.46% and 17.60% for the autumn and spring of 2050, respectively. 
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Flash floods risk variation of steep drainage basins in Calabria (Italy) and the role of rainfall and anthropogenic modifications since 1800 
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Abstract In this work, data concerning the historical series of floods which have occurred since the 17th century have been collected from a study area located in the southernmost province of continental Italy. Damage caused by flood events was discussed, together with rainfall regime and trend (for the period in which data are available) and with main modifications due to population variations. The aim was to assess if the frequency of damaging floods is changing, and if there is a role of rainfall and/or of anthropic modifications of land-use on these changes. Of 150 damaging floods analysed, 4% of the total were floods which caused damage to people, and which mainly occurred in past centuries. Notwithstanding, the trend of damaging floods is increasing due to the effects of floods observed in the last decades. At the same time, the rainfall trend is generally decreasing, as observed at a regional scale, and is not significant enough to justify the flood recurrence increase. The population trend is characterised by a huge increase observed in recent decades. On this basis, the progressive urban enlargement, with no care for drainage network characteristics and extreme floods, can be considered as the main source of increasing risks due to damaging floods.

Key words  floods; historical research; rainfall trend; land use; Calabria, Italy
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Using SIMGRO for drought analysis – as demonstrated for the Taquari Basin, Brazil
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Abstract Tools were developed and tested to quantify space–time development of droughts at the river basin scale. The spatial development of a hydrological drought in river basins brings different challenges to describe drought characteristics, such as: area in a drought and areal expressions for onset, duration and severity. We used the regional hydrological model SIMGRO in a GIS framework to generate the spatially-distributed time series for the drought analysis. Droughts in different hydrological variables (recharge and groundwater discharge) were identified by applying the fixed threshold concept to the time series. The method captures the development of both the duration and the severity of the area in a drought. The GIS helps to better understand the link between areal drought characteristics and spatially-distributed catchment characteristics. Functions, like agriculture, nature or navigation in a region, need to be considered more in defining the appropriate threshold levels. It is also important to take into account varying hydrological conditions like regions with deep or shallow groundwater levels, resulting in periods with capillary rise in the unsaturated zone in the latter.

Key words  drought; spatial-temporal; groundwater; surface water; modelling; river basin; GIS
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Flood risk mitigation using dry reservoirs in a global change perspective 
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Abstract This paper presents a study that aims to evaluate the causes for flooding frequency increase and to assess the effectiveness of its mitigation. The research was conducted next to the city of Lyon (France) in a periurban catchment showing a rapid urban development. A semi-distributed hydrological model was fitted in the 1990s. Simulation of floods using land cover from the 1970s in combination with rainfall time series from the 1990s reveals no effects on large floods, but a sensitive increase in frequency and magnitude of small floods. Rainfall regimes evolution between the 1970s and the 1990s seems to be the major influencing factor to explain the flooding frequency increase in the downstream part of this per urban catchment. Two dry reservoirs are expected to mitigate the present 100-years flood to protect this area. Simulations indicate that they would be partly inefficient both in the present and in the future. 
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Hazardous hydrological processes in mountainous areas under the impact of recent climate change: case study of Terek River basin
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Abstract The study focused on hazardous hydrological processes in mountainous areas. The general objective was to analyse the spatiotemporal distribution of the characteristics of such processes in the Terek River basin and to examine the main approaches to calculating and forecasting these processes. The study mostly deals with maximum and minimum water flow and debris flow. 

Key words  hazardous hydrological processes; mountain hydrology; climate change; Russia; Caucasus; 
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Regional analysis of low flow in Tuscany (Italy)
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Abstract In environment protection, estimates of low flows in rivers are needed for many purposes. Generally estimation is based on observed streamflow data. For sites where data are not available, alternative techniques are necessary to infer this information. A regional approach is often used for ungauged basins and is the one adopted for this study. The analysis is carried out on the discharge data of 65 consistent hydrometric stations located in the Tuscany region, central Italy, with recorded data from 1949 to 2008. The area is subdivided into different regions using the L-moments method applied to the 7-day annual minimum flows and to the Q70 annual series. The division into sub-regions was tested using discordancy and heterogeneity statistics. A unique region and a subdivision into three different sub-regions, following previous studies on rainfall extremes were considered. The subdivision into five homogeneous sub-regions was undertaken by accounting for hydrological features.
Key words  drought; low-flow; ungauged rivers; regional analysis; L-moments; homogeneity measure
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Probabilistic analysis of the variation of water resources availability due to rainfall change in the Crati basin (Italy) 
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Abstract This work presents a probabilistic analysis of the variability of the annual areal rainfall that could occur in a large drainage basin of southern Italy (Crati River) by verifying hypothetical scenarios of change in rainfall patterns. The probabilistic law assumed to describe the rainfall data observed in time periods with different statistical behaviours is the trans-normal distribution. In response to the rainfall pattern change evidenced since 1981, three assumptions about the variability of the parameters of the trans-normal distribution have been taken, with estimation based on rainfall data observed in the period 1981–2008. The probabilistic models thus obtained are used for simulations of annual rainfall for a future 30-year period through Monte Carlo techniques. Finally, the maximum deficit of water potential in n consecutive years at fixed occurrence probabilities are evaluated for each hypothetical rainfall pattern change.
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RCM simulated and observed hydrological drought: a comparison of the 1976 and 2003 events in Europe
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Abstract High-resolution regional climate model (RCM) output has been used recently to characterize the spatial and temporal characteristics of large-scale hydrological droughts. Hence the output was interpreted in a spatially explicit manner. This study aims to test the limits of such use and investigates how spatial and temporal characteristics of two large Pan-European droughts (1976 and 2003) were simulated by flow-constituting variables derived from a high-resolution re-analysis. Observed streamflow records of the recently updated European Water Archive (EWA) served as a reference. The results show that while spatial extent and general timing of the extreme hydrological conditions were reproduced by the re-analysis, the simulated droughts were less persistent and interrupted more frequently than the observations suggested. The results support the conclusion that the usefulness of regional climate model simulations at this scale is still limited and targeted validations are required to explore the limits of interpretability in space and time.
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Precipitation trends and suitable drought index in the arid/semi-arid southeastern Mediterranean region 
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Abstract The Mann-Kendall test was applied on homogeneous Jordanian and Israeli precipitation series to test for trends. Overall, 37 precipitation series with continuous data for the time period 1961–1990 were identified as homogeneous. During this time period a non-significant negative precipitation trend could be observed on annual sum. The same analysis was thereafter applied at the same stations, but with longer time series. The data availability differed from station to station, but the mean time period with available data was 1950–1997. The new result showed a stronger negative precipitation trend. This demonstrates how time series of different length can influence the result of trend analysis. As a step to identify a suitable drought index for the region, the correlation between precipitation and the Normalized Difference Vegetation Index (NDVI) received from remote sensing was investigated. A correlation would indicate that a precipitation based drought index could be suitable to assess the impact of possible precipitation trends. A high correlation was generally observed on natural vegetated areas; the correlation on irrigated land was lower. This suggests that a drought index based on precipitation alone may be applicable to the region, but the performance on non-rainfed agricultural areas may increase with consideration to irrigation. 
Key words  drought index; Mann-Kendall test; precipitation; trend analysis 
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Variabilité hydroclimatique et des ressources en eau de surface dans le bassin béninois de la Volta (Afrique de l’Ouest)
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Résumé Les eaux de surface et leur gestion sont très tributaires de la variabilité climatique dans le bassin béninois de la Volta. Les méthodes des quintiles, d’analyse fréquentielle, de détection de ruptures, de calcul des indices de déficit hydrique (IdH), d’écoulement de base (IEB), d’irrégularité saisonnière (IIS) et du coefficient de tarissement ont aidé à analyser la dynamique hydrologique du bassin. Depuis 1975, le bassin connaît une persistance de la sécheresse, induite par une baisse pluviométrique de l’ordre de 10%. Par conséquent, l’écoulement a baissé de l’ordre de 30 à 40% caractérisant un indice d’écoulement de base plus faible de 0.55% à Porga contre 0.64% sur la période 1961–1975 et une irrégularité saisonnière très prononcée. Le bassin béninois de la Volta connaît également un tarissement rapide et une occurrence des phénomènes hydroclimatiques extrêmes secs ou humides préjudiciables à la maîtrise et à la gestion des eaux de surface. 

Mots clef  eau de surface; variabilité climatique, sécheresse hydrologique; disponibilité en eau; bassin de la Volta; Bénin

Hydroclimatic variability and surface water resources in the Volta River basin in Benin (West Africa) 

Abstract The occurrence of surface water and its management depends on climate variability in the Benin part of the Volta River basin. Calculation of the quartiles, frequencies analysis, discontinuity detection, calculation of water deficit index (WDI), base flow index (BFI), seasonal irregularity index (SII) and of the drying up coefficient helped in the analysis of hydrological variability. Since 1975, the basin has experienced persistent dryness, induced by a rainfall decrease of about 10%. Consequently, the river flows dropped about 30–40%, characterized by low base flow index of 0.55% at Porga compared with 0.64% over the wetter period 1961–1975, and a very marked seasonal irregularity. The part of the Volta Basin in Benin also experienced a fast drying of the river water and more frequent occurrence of extreme hydrometeor​ological events which impact surface water availability and management. 

Key words  surface water; climate variability; hydrological drought; water availability; Volta River basin; Benin
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Improvement of flash flood modelling using spatial patterns of rainfall: a case study in southern France
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Abstract There is a need to improve rainfall–runoff modelling of flash floods in the Mediterranean region, in order to better predict these extreme hydrological events. In this study, the efficiency of the distributed SCS-LR rainfall–runoff model is evaluated, using either the mean areal rainfall or spatially distributed rainfall over the watershed as inputs of the model. The distributed SCS-LR model is an event-based model accounting for four parameters. The efficiency of the model using either averaged or spatial rainfall as inputs is considered through the simulation of flood events, with fixed or calibrated model parameters for each event. A total of 30 flood events that occurred in the Gardon River (525 km2) located in the Cévennes region (southern France) were modelled. When both runoff and routing parameters are identical, the model is shown to underestimate the peak flows if using mean areal rainfall patterns instead of spatial rainfall patterns. Runoff volumes can also be underestimated in the case of highly variable rainfall occurring in dry soil conditions. The recalibration of the model is able to reduce some of the bias in the simulations. Nevertheless, as shown in the present study, not considering the spatial patterns of rainfall is leading to an increase in the variability of the model parameters. Thereby, the parameter estimation could be difficult with averaged rainfall in further applications of the model for operational purposes. The rainfall patterns have an impact on the parameterization of the model, depending on the rainfall spatial variation coefficient and the initial moisture of the soil. Accounting for the spatial pattern of the rainfall can improve the efficiency of the model, without increasing its complexity. 

Key words  flash floods; rainfall–runoff models; SCS; lag and route; spatial variability; rainfall
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Flood risk assessment for the Thach Han River Basin, Quang Tri Province, Vietnam
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Abstract This paper presents the assessment of flood risk in the Thach Han River Basin, North Central Coast of Vietnam by thoroughly identifying factors that determine current and potential future flood risks; and regenerating flood risk maps of the 2–10 November 1999 flood event. After researching the hydrological processes and behaviours that govern flooding through developing a Digital Elevation Model (30 × 30 m) for the whole basin, the authors have applied MIKE NAM, MIKE 11 HD to propagate floods in the basin and used MIKE 11 GIS to map flood duration and flood inundation. Finally, risk maps with different probabilities are developed as the results of matrix tables of flood hazard and flood vulnerability.

Key words  flooding; MIKE NAM, MIKE 11; MIKE 11 GIS; regionalisation method, flood risk assessment; 
Thach Han River Basin
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Understanding hydrological winter drought in Europe
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Abstract Development of droughts occurring in the winter season has not been widely studied before, although impacts on water resources can be extensive. Our objective is to increase understanding of the development of winter droughts in snow-affected regions by studying droughts in two catchments in Europe (Narsjø in Norway and Nedožery in Slovakia) using a conceptual rainfall–runoff model and the variable threshold level method. In these catchments, two types of winter droughts dominate, classified as: Type 1 winter droughts in cold climates, caused by late summer droughts that continue into winter, and Type 2 winter droughts in milder climates, which develop when snow cover disappears and precipitation is lower than normal. Both drought types have large deficits over a long period of time, but Type 1 droughts are relieved by the snow melt flood, while Type 2 winter droughts can continue into summer. Due to global warming, the occurrence of Type 2 winter droughts might increase in the future.
Key words  winter drought; snow; drought analysis; HBV model; Norway; Slovakia
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Climate change effects on droughts in Norway 
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Abstract The combined impacts of future changes in temperature and precipitation are expected to affect drought characteristics. To assess the consequences of climate change on drought development in Norway, the spatially distributed HBV precipitation–runoff model was used. Downscaled daily temperature and precipitation data derived from a regional climate model were used as inputs to the HBV model. Two periods were considered, 1981–2010 and 2021–2050. The threshold level method was adopted to select drought events for both present and future climates. Changes in drought characteristics such as drought duration and areal extent for precipitation, runoff, soil moisture and groundwater were identified. Hydrological droughts in Norway in general are expected to last longer in the future, whereas the analyses indicate only negligible changes in meteorological droughts. In the Glomma River basin (the largest river basin in Norway) the future predicted drought areal extent for soil moisture is considerably smaller than the current condition.  

Key words  climate change; meteorological drought; hydrological drought; regional drought characteristics; 
threshold level method; Norway
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Low-flow frequency analysis in part of the Lower Niger River
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Abstract Detailed studies on low-flow statistics and its analysis are required for an effective operational management of water resources as a response to water abstraction. Moreover, these studies are needed to investigate climate change and climate variability, and their effect on water resources availability and accessibility. This study focuses on low-flow analysis for the Lower Niger River through the derivation of flow duration curves and low-flow frequency analysis. The low-flow indices derived include the Q95 and 7-day minimum flow for 10-year (7Q10) and 2-year (7Q2) return periods.  

Key words  low flow; Q95 flow; 7-day minimum flow; frequency analysis; Lower Niger River
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Participatory modelling for locally proposed climate change adaptation related to water and agriculture in South Africa  
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Abstract The participatory modelling project (PAMO) carried out in the Thukela River Basin, South Africa assessed vulnerability to climate variability and change on water resources through direct involvement of affected groups. The aim was to increase stakeholder confidence and ownership, and create a local adaptation plan. Meetings were held with three stakeholder groups: (a) government authorities, research institutes, NGOs, (b) commercial farmers, and (c) small-scale farm​ers, and complemented with interviews. Based on participants’ requests, modellers compiled regionally dynami​cally downscaled climate change projections, as well as their hydrological consequences. The project focused on agriculture, water resources/infrastructure and biodiversity. Though many future problems were shared, their pre-conditions for dealing with these were vastly different. Knowledge transfer within and across the farming communities and with government agencies on climate change, adapta​tion measures, and  means to procure financing and permits for measures will aid local initiatives to prepare for climate variability and change. 
Key words  participatory modelling; climate change; adaptation; water resources; agriculture; catchment modelling; regional dynamic downscaling; RCM3; ACRU; South Africa
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Impact des aménagements de conservation des eaux et des sols au niveau du Sahel Mauritanien: site pilote Kiffa 
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Résumé L’objectif de cette étude est la quantification des dépôts solides et des quantités d’eau collectées au niveau des ouvrages de conservation des eaux et des sols (CES) du site pilote de Kiffa au Sahel en Mauritanie. L’échantillon comprend 20 cordons en pierres, cinq cuvettes individuelles, deux éléments de banquettes, un ouvrage d’épandage des eaux de crues et une digue de collecte de ruissellement. La superficie totale du site est de 18 ha destinée essentiellement aux parcours et à l’exploitation agricole en zones arides. L’évaluation des techniques réalisées pour une période de fonctionnement de 18 mois a montré leur rôle dans la lutte contre l’érosion et dans la maîtrise des eaux de ruissellement. Les cordons agissent comme un très bon piège à sédiments et retiennent de 775 à 2932 m3/ha selon l’objectif; et les travaux de terrassement permettent la mobilisation de quantités d’eau de surface importantes pour l’exploitation. La digue Essoufi permet de collecter jusqu’à 45 000 m3 d’eau pouvant servir aux usages domestiques, à l’abreuvement du bétail, à la micro-irrigation, etc.

Mots clef  conservation; eau; sol; aride; impact; évaluation; érosion; Sahel

Impact of water and soil conservation techniques in the Sahel of Mauritania: pilot site of Kiffa

Abstract The aim of this study is to evaluate the impact of soil and water conservation measures by estimating the sedimentation and the volumes of water in arid regions in the Sahel of Mauritania. The conservation measures applied in the pilot site of Kiffa in the Sahel region of Mauritania are of different types and tend to be site-specific and tailored to fit in with the local farming systems, customs and environmental conditions. We considered 20 stone ridges, five individual basins, two terraces, one deriva​tion structure and a small farm dam. The evaluation of the soil and water conservation techniques for a period of 18 months shows the important role they have played to limit erosion and to harvest rainwater. The stone cordons have been able to catch significant quantities of sediments varying from 775 to 2932 m3/ha, depending on the objective; and terracing works permitted the mobilization of large volumes of rain water to be exploited. The small farm dam at Essoufi, can provide up to 45 000 m3 of surface water to be used for different purposes: domestic use, livestock watering, micro-irrigation, etc.

Key words  sedimentation; conservation; water; soil; arid; impact; evaluation; erosion; Sahel
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Modelling water scarcity across Europe in terms of water quantity and quality
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Abstract The need for integrated and sustainable water resources management has become an important driver behind large-scale gridded modelling. Such modelling has traditionally focused on water quantity. However, reduced water quality can also limit water resources, particularly for drinking water. The water availability model GWAVA has been further developed to include a water quality module. This module will initially focus on biochemical oxygen demand (BOD). The module considers drivers of BOD loading from land, such as agriculture and urban runoff, and transport and loss of BOD through sewage treatment and river networks. In an exploratory assessment, GWAVA was used to produce maps of water scarcity across Europe. The new module enhanced those maps with effects of BOD on water resources. This enhancement increased the modelled proportion of Europe experiencing water scarcity, which indicates that it is important to include both water quantity and quality in model estimates of water scarcity.
Key words  water resources modelling; BOD; Europe; GWAVA; water quality; water scarcity
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Impact of climate change on water supply in northern Slovakia
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Abstract The future water reservoir ability to ensure the required water demand, as defined by downstream water users (hydropower producers, irrigation, industry) was studied. We utilised data from the coupled general circulation model CCCM2000. Present horizontal resolution of GCMs does not allow identification of regional climate. Thus, we use a statistical method for downscaling of GCM outputs. We take into account model outputs from four gridpoints near to northern Slovakia. The rainfall–runoff model WBMOD calculated the water reservoir operation. The input data series of precipitation, air temperature and the observed reservoir outflows were used to model changes in total runoff and the required reservoir capacity. Deficiency in the required water demand for changed climate conditions was evaluated. In general, it can be concluded that the expected climatic change would influence the certainty of the water supply from the reservoirs. 
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Effects of global change and adaptation options for water resources management in the Czech part of the River Elbe basin
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Abstract Adaptation strategies to counterbalance impacts of global change on water resources must consider the effects of changing natural conditions and socio-economic development. Changing natural conditions and socio-economic development are both connected with certain levels of uncertainty. Therefore, scenarios of socio-economic development and climate change are required. The River Elbe basin is located in central Europe with one third of its area located in the Czech Republic, upstream of Germany, where two thirds of the basin is located. Inflows are important for navigation in Germany. An inflow of 100 m3/s is required. Due to climate change mean inflows are expected to decline by 30%. A water management model for the River Elbe basin was developed. Two global socio-economic trends are regionalised. Regionalised climate data are used to simulate effects of climate change on natural discharges. Using the water management model the effects on inflow to Germany are simulated. Whether reservoir management in the Czech part can sustain a required inflow of 100 m3/s to Germany was investigated. 
Key words  global change; integrated water resources management; impact assessment; Elbe basin
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Modélisation spatio-temporelle d’un champ de pluie: application aux pluies journalières du bassin de la Loire
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Résumé A partir de données issues de pluviomètres, il est possible de mettre en place un modèle de champ de pluie tel un processus spatio-temporel intermittent (superposition d’un champ de variabilité en soi et d’un champ d’indicatrice, tout deux influencés par une advection). La géostatistique permet d’étudier le lien entre une structure d’un processus spatio-temporel instantané et l’évolution de la structure spatiale avec l’agrégation temporelle. Une méthode est proposée pour inférer un processus instantané pertinent à partir de statistiques d’un champ de pluie observé. Les avantages et les limites de cette approche sont étudiés par l’utilisation d’un champ de pluie journalier sur le bassin versant de la Loire. Deux sous-régions sont mises en évidence. Une zone aval où le processus pluvieux respectant assez bien l’hypothèse de stationnarité peut être modélisé par le modèle spatio-temporel. Une zone amont où une interaction avec l’orographie est plus présente, et donc où l’hypothèse de stationnarité est questionnable.

Mots clefs  champ de pluie; géostatistique; spatio-temporelle; agrégation temporelle; variabilité interne et indicateur de pluie; Loire

Space-time modelling of a rainfall field: application to daily rainfall in the Loire basin

Abstract From raingauge data, it is possible to mathematically model rainfall field as a spatio-temporal intermittent process (superposition of inner variability field and rainfall indicator field, both influenced by advection). Geostatistics enables investigation of the link between an instantaneous process spatio-temporal structure and the evolution of spatial structure with time aggregation. A method is proposed to infer a relevant instantaneous process from observed rainfall statistics. The benefits and limits of this approach are investigated using daily rainfall data from the Loire basin in France. Two sub-regions are highlighted. A downstream zone where a quite homogeneous rainfall process can be modelled by the spatio-temporal model, and an upstream zone where interaction with orography is more present and the homogenity assumption questionable.
Key words  rainfall field; geostatistics; spatio-temporal; advection; temporal aggregation; inner variability and rainfall indicator; Loire
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Long-term discharge and evapotranspiration of a forested catchment in the Harz Mountains, Germany: evaluation of silvicultural adaptation strategies to climate change
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Abstract Forests with their high surface area and forest management practices have an important impact on hydrological processes at the atmosphere–land interface. Since 1948, water fluxes have been studied in different compartments of the Lange Bramke catchment, Harz Mountains, Germany, which was completely clear-cut in 1947 and reforested with Norway spruce. The catchment is characterized by a humid climate. Water budgets for the period 1950–2008 have been simulated using the hydrological model WaSiM-ETH, which was coupled to a forest growth model for the estimation of stand characteristics. As adaptation options to climate change, the conversion from drought sensitive Norway spruce stands to less sensitive European beech and different thinning regimes have been simulated until 2050. Discharge of Lange Bramke has decreased since 1948 due to a combined effect of forest development and climatic changes. Tree transpiration will likely further increase until 2050 (due to projected climate change) resulting in higher risk of drought stress. Conversion of Norway spruce stands to European beech and intensified thinning would result in reduced drought stress and increased discharge.
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Modelling vulnerability of streamflow allocations in international river basins with open-source gridded climate input
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Abstract The study addresses the need to evaluate the vulnerability of streamflow allocations in transboundary rivers with scarce hydro-climatic data. Two open-source gridded climate data sets, ERA-40 reanalysis and CRU TS 2.1, were employed in hydrological models for the rivers Kunene, Upper Niger and Upper Jordan. These climate data sets served as input to two different models, a simple bucket water-balance model and the IHACRES rainfall–runoff model. Error ranges of the resulting streamflow simulations were then compared with existing terms of transboundary water allocation commitments. The results show considerable variations in the precipitation inputs in time and space. Modelling on a daily time step was unsuccessful based on this input. Modelling on a monthly time step reflects the large input range during the wet season. The unreliability of climate input and model inaccuracy suggest that the applied method is insufficient for predicting the vulnerability of streamflow allocations. 
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Implementation of the Water Framework Directive and adaptation strategies in the Czech Republic
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Abstract Since the mid-20th century, the focus of water policies in European countries has gradually changed from replenishment of water resources to saving them, and during the last 30 years attention has increasingly been paid to water resource protection. The latest policy was incorporated into the Water Framework Directive (WFD – Directive 2000/60/EC), which introduced water planning and preparation of programmes of measures on a Europe-wide scale. The water planning was almost exclusively focused on chemical water quality, biological quality of surface waters, and naturalisation of water bodies. Subsequent frequent occurrence of drought periods and floods and increasing water scarcity problems in Europe indicated that the WFD water policy has to be modified towards establishing robust water management systems, which will ensure water protection, availability of water resources, and protection against harmful impacts of water. These conclusions agree with the experience in the Czech Republic described in this paper. 
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Trends in streamflow in the hydropower-producing Nordic countries and implications for water resource management
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Abstract Norway, Sweden, Iceland and Finland are especially sensitive to long-term variations in streamflow, as much of their electricity production is based on hydropower. A data set of 138 streamflow records was analysed to detect spatial and temporal changes in streamflow, and to consider the potential impacts for water resource management. Changes in annual and seasonal streamflow, floods and droughts for three periods: 1920–2005, 1941–2005 and 1961–2000 were considered. The Mann-Kendall trend test was used for trend detection, and streamflow records were pre-whitened prior to its application. Trends are discussed in terms of their magnitude, direction and field significance. The stations and periods analysed affected the patterns found, but overall increased annual flows provide support for increased hydropower production, assuming that this trend will continue. Increased winter and spring flows and earlier spring floods are also dominant. The trend in summer flow depends on the period analysed, but more severe summer droughts were identified in southern and eastern Norway in all periods. If trends towards increased winter and spring runoff continue in the future, the need for storage of late summer and autumn runoff for use in hydropower production for winter periods will be reduced. .
Key words streamflow trends; hydropower production; water resources management; flood; drought; 
temporal autocorrelation; field significance
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Les stratégies d’adaptation des ruraux sahéliens à la variabilité climatique: analyse de la diversité
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Résumé Les stratégies d’adaptation sont fonction des moyens financiers, du capital humain pour la main-d’œuvre, de la qualité des sols, du niveau pluviométrique et des connaissances de son environnement mais il n’existe pas de modèle unique d’adaptation. L’étude permettra d’élaborer une typologie des stratégies d’adaptation à partir des données socio-économiques collectées lors des enquêtes réalisées dans cinq pays sahéliens (Burkina Faso, Mali, Niger, Nigéria, et Sénégal). Cette étude a permis d’identifier quatre groupes socio-économiques: les pluriactifs (7.5%), les cultivateurs (22.8%), les éleveurs (45.3%) et les cotonculteurs (24.5%) représentatifs du Sahel. Nous avons analysé la diversité de leurs stratégies d’adaptation. Ces stratégies ne sont pas très diversifiées, excepté le groupe des pluriactifs. Les groupes en général n’ont pas adopté de nouvelles stratégies d’adaptation en dehors des stratégies classiques: la diversification agricole, la migration et l’élevage. Une faible dépendance entre les stratégies d’adaptation et le gradient pluviométrique a été trouvée.

Mots clefs  variabilité climatique; stratégies d’adaptation; moyen d’existence; vulnérabilité; Sahel

Coping strategies of rural Sahel to climate variability: analysis of diversity

Abstract Coping strategies are generally based on financial resources, human capital for labour, quality of soils, rainfall and knowledge of the environment, but there is no single model of adaptation. This study develops a typology of adaptation strategies based on economic data collected in five Sahelian countries (Burkina Faso, Mali, Niger, Nigeria and Senegal). Four socio-economic groups were identified: diversified households (7.5%), growers (22.8%), livestock breeders (45.3%) and cotton-growers (24.5%). We analysed the diversity of their coping strategies. These strategies are not very diverse except for diversified households. The groups have in general not adopted new coping strategies outside of classic strategies: agricultural diversification, migration and breeding. A weak relationship between coping strategies and the north–south rainfall gradient was found. 

Key words  climate variability; adaptation strategies; livelihood; vulnerability; Sahel
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Groundwater hydrochemistry changes induced at the Lez karst spring as a result of intensive exploitation during 28 years
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Abstract The Lez karst aquifer, located in the Mediterranean basin (southern France), supplies the Montpellier metropolitan region with potable water and has a maximum authorized pumping discharge of about 1700 L/s. The complexity of this system results from the heterogeneity of natural factors such as geological characteristics, spatial distribution of recharge processes, particularities of the Mediterranean climate, and the growing impact of human occupation. The particularity of this karst aquifer lies in the withdrawing of water directly from the main drain, which is located lower than the spring overflow level. The spring has been known to have a permanent water flow in the past; however, the recent increase in the water removal from the aquifer has caused the spring water flow to become only a seasonal phenomenon. Marjolet & Salado (1976) reported the results of studies of the Lez karst aquifer system and proposed a functioning model based on major elements data. In 1981, a pumping plant was installed for exploitation of the aquifer. Comparison between the previous and the present data indicates historical changes in the water chemistry. We suggest that the changes in hydrogeochemical characteristics are a consequence of the active exploitation of the karst aquifer by modifying the water circulation dynamics. This study aims to analyse the differences, to understand the water chemistry changes, and to better foresee the aquifer evolution for the future.
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Modélisation du fonctionnement hydrologique d’un bassin endoréique pour une application à l’étude de la Fièvre de la Vallée du Rift (FVR)
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Résumé Les précipitations sont les principales manifestations de la mousson sur les océans et sur la terre, arrivées sur terre les eaux de pluies sont collectées et acheminées vers les cours d’eau ou accumulées dans des lacs et des mares. Dans les zones arides et semi-arides de l’Afrique sahélienne marquées par l’endoréisme, les eaux de pluies se concentrent dans les bas fonds sous formes de mares temporaires comme c’est le cas de la vallée du Ferlo. Ces points d’eau jouent un rôle important dans le développement socio-économique de la zone, cependant elles constituent un maillon essentiel dans la chaîne épidémiologique des maladies liées à l’eau tel que le paludisme, la bilharziose, la fièvre de la Vallée du Rift (FVR), etc. Cette dernière est une maladie virale qui attaque les animaux et parfois l’homme et qui est transmise par des moustiques et des aérosols. La prolifération de ces moustiques est intimement liée à la dynamique hydrologique des mares qui sont leurs gîtes larvaires. Une meilleure connaissance de la dynamique hydrologique de ces gîtes larvaires peut jouer un rôle important dans la lutte contre cette maladie et participer ainsi à l’élaboration d’un système d’alerte précoce. La modélisation des phénomènes pluie–débit étant une approche standard pour la maîtrise du cycle continental de l’eau et de la protection de l’environnement, nous allons nous en servir pour comprendre la dynamique des mares. Dans notre travail, nous avons modélisé le fonctionnement hydrologique de trois mares dans la zone de Barkédji à l’aide de deux modèles dont le premier est de type bilan et le second basé sur la courbe de récession. Les résultats obtenus avec ces modèles sont encourageants et peuvent être utilisés comme entrée dans les modèles épidémiologiques.

Mots clefs  modélisation pluie–débit; modèle bilan; courbe de récession; mares temporaires; gîtes larvaires; 
dynamique hydrologique; fièvre de la Vallée du Rift; Barkédji; Ferlo

Modelling of the hydrological functioning of a pond for an application in the study of Rift Valley Fever (RVF) 

Abstract The rains are the main consequence of monsoons on the oceans and on Earth. The rainwater is collected in streams or accumulated in lakes and ponds. In the dry and semi-arid zones of sahelian Africa marked by the endoreism, temporay ponds concentrate rainwater, as is the case in the valley of Ferlo. These water bodies play an important role in the socio-economic development of the zone. However, they constitute an essential link in the epidemiological chain of disease emergence in the water, e.g. malaria, bilharzia, and Rift Valley Fever (RVF), etc. RVF is a viral disease which affects animals and sometimes people, and is transmitted by mosquitoes and aerosols. The abundance of mosquitoes is associated with the dynamics of the ponds, which are their breeding sites. A better knowledge of the hydrological dynamics of these breeding sites can play an important role in combatting this disease and also in building an early warning system. The modelling of rain-flow is a standard approach for the control of the continental cycle of the water and for environmental protection. In this paper it is used to understand the dynamics of ponds. In our work, we modelled the hydrological functioning of three ponds in the Barkédji area using two models: the first is a water balance assessment and the second is based on the recession curve. The results obtained with these models are encouraging and can be used as an introduction to epidemiological models.

Key words  modelling rain-flow; water balance model; curve of recession model; temporary ponds; breeding sites; hydrological dynamics; Rift Valley fever; Barkedji; Ferlo
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Urban development and extreme flow regime changes
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Abstract According to the 2007 world demographic revision report of the United Nations, urban areas are expected to absorb 60% of the world’s population by 2030. Developed countries have experienced the effect of urban development on their water resources since the Second World War and today think about alternative techniques and management rules to protect them. Solutions are developed under the scope of the resilience concept to cope with global change effects, i.e. both land-use and climate changes. We deal here with the consequences and the way to get quantitative evidence on how urban development can change flood and low flow regimes. We also address how on-site rainwater retention can help to mitigate such effects. This paper is connected with the paper entitled “Flood risk mitigation using dry reservoirs in a global change perspective” presented by Radojevic et al. (2010b).
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Risques climatiques, pressions foncières et agriculture en Côte d’Ivoire
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Resume Pays de forêt et de savane, la Côte d’Ivoire, connaît, depuis maintenant plus de 40 ans, une variabilité importante de ses conditions climatiques. Corrélativement à cette variabilité climatique, on observe une modification dans la dynamique du couvert végétal. Les modifications environnementales enregistrées depuis les années 60 sont en interaction avec la forte mobilité spatiale des populations rurales. La forte pression foncière qui en résulte aboutit à des modifications profondes du milieu forestier. Ces nouvelles contraintes climatiques et environnementales rendent vulnérables certaines cultures, notamment celle du cacao, conduisant à une baisse importante des rendements agricoles. Devant l’échec des politiques publiques à restaurer les potentialités agro-écologiques des milieux ruraux, l’agroforesterie apparaît comme une solution viable pour la survie de l’agriculture ivoirienne en particulier et africaine en générale. Il reste encore ici à prendre des dispositions politiques et économiques pour faciliter la diffusion et l’accessibilité de cet outil agro-environnemental.

Mots clefs  Côte d’Ivoire; variabilité climatique; déforestation; vulnérabilité; agro-foresterie 

Climatic risks, property pressure and agriculture in Côte d’Ivoire

Abstract The environment conditions in the forest-and-savanna-dominated country of Côte d’Ivoire have been subjected to high variability in climatic conditions. At the same time, changes in the dynamics of forest cover are observed. The environmental change since the 1960s is related to the strong mobility of the rural populations. The strong resulting land leads to inevitable and profound changes in forest cover. The climatic uncertainty and the decrease in the forested areas leads to an important decline in agricultural productivity. This situation particulary affects cocoa production. Ahead of the incapacities of public policy to restore the forest ecosystem, agroforestry has become a solution for the survival of Ivorian agriculture in particular, and of African agriculture in general. But, in order to facilitate the access of this agro-environnemental method, it is important to take political, economical and social dispositions.
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Linking annual cycles of ecological indicators with statistical flow descriptors for environmental flow assessment
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Abstract The study presents an approach for estimating minimum acceptable flow linking the basic flow descriptors viz. flow velocity, depth, seasonality of flow, with the preferences with respect to those of the selected indicator species, extending the operationally-used methodology RANA-ICE to cover the annual cycle. Data and information originating from extensive field inventories and Expert Panels were used to select the indicator species and identify the importance of seasonality of flow for their life cycles. The ecological habitat demands were established by means of simultaneous measurements of flow velocities and depths, as well as substrate description, at the location of each indicator species found in a selected pool in the river. The distribution functions for the preferred flow velocities and depths have been derived for a river in humid tropical environment of Costa Rica, which opens the fulfillment of the habitat demands for different flow regulation scenarios for testing. 

Key words  environmental flow; habitat preferences; humid tropics; distribution functions
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Water scarcity in a tropical country? – revisiting the Colombian water resources
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Abstract An assessment of the Colombian water resources is presented that uses the water withdrawal and water availability ratio as an indicator of the anthropogenic pressure on limited water resources. In this work water availability is defined as the modal value of the annual runoff measured by the Colombian hydrological network. The environmental water requirements are considered as additional water demand and a statistical approach is proposed to define their magnitude. The mentioned approach leads to a variation of the UNESCO water pressure index that is known as the Colombian water scarcity index and allowed to determine places with heavy anthropogenic pressure over the local water resources in Colombia. Finally, the scale issues are touched upon and a regional case and a climate change outlook for the scarcity index are also presented.
Key words  Colombian water resources; water scarcity index; water pressure index; water environmental requirements
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Assessment of the effects of land-use/land-cover changes on regional soil loss susceptibility using the RUSLE model and remote sensing data
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Abstract Water erosion often causes cultivated lands to degrade, particularly with regard to soil productivity. In addition to the reduction in arable lands lost, erosion has numerous offsite effects such as dam siltation. Erosion in the study area has been accelerated by climate regime, lithology, land-use change and topography. The study area concerns the Tlata catchment, located in northeastern Morocco. Satellite images were analysed for a 15-year period to determine the land cover and land-use changes, as well as the spatial patterns of erosion and deposition over this time period. Results of the land-use/land-cover change and meteorological data analyses indicate that the hydrological regime of the region has changed since the 1980s, following the beginning of the lasting drought, which is still ongoing over Morocco. For the Tlata River catchment, runoff coefficient increased and at the same time badlands extension also increased. This is correlated with land-use/land-cover change, which leads to the impermeabilization of the soil top layer, and the reduction of the water holding capacity.

Key words  drought; erosion/deposition; land-use change; GIS; remote sensing; Morocco
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Statistical river flow descriptors for environmental flow assessment
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Abstract Sustainable water management demands estimation of “environmental flow”. Traditionally the focus was on the lowest flow, but sustaining biological life and riparian socio-economy involves the annual cycle. Estimating EF, such key variables as channel geometry, substrate, depth–velocity distribution, water quality, and river aesthetic characteristics are required. Traditional hydrological descriptors of the annual cycle are flow regime and flow duration curves that are used here as a point of departure. For river sectors, duration curves reflecting annual variation of their width, wetted perimeters, velocity–depth distribution, habitat state category, and usable area are estimated in a consistent way. The methodology is directly applicable at the gauged sites. For ungauged sites, flow regimes and duration curves and their variation along the river are obtained by hydrostochastic approach, which allows use of the same procedures as for the gauged sites. The methodology, demonstrated on a case study from Central America, allows evaluation of the performance of the key flow descriptors under different flow regulation and the impact of their change on habitat/site characteristics. 
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Estimating uncertainties in simulations of natural and modified streamflow regimes in South Africa
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Abstract The Pitman rainfall–runoff model is applied in an uncertain framework to simulate the natural and modified hydrology of two regions in South Africa using physically-based parameter estimation procedures, uncertainty in the quantification of the characteristics of small farm dams, and input rainfall uncertainty. While the parameter uncertainty dominates the final model outputs in both cases, the degree of uncertainty varies between low and high flows. The relative contribution of the water use and rainfall uncertainties is different between the two study areas, the latter being very important in areas of steep topography where rainfall variations are poorly defined. While some of the uncertainties can be reduced (notably water use and rainfall), this can only be achieved through substantial investments of human and financial resources. The results suggest large uncertainty in natural and impacted low flows, which has serious implications for water management related to environmental flow legislation. 

Key words  hydrological modelling; uncertainty; water use; water resources management
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Différenciation hydrogéochimique entre les nappes superficielles des altérites et profondes du socle fissuré dans le bassin versant de Kolondièba (sud du Mali): approche statistique par la méthode SOM des réseaux de neurones
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Résumé Le bassin versant de Kolondièba (3010 km2, sous-bassin versant du Bani, principal affluent du Fleuve Niger au Mali, en milieu soudanien de socle), a été retenu dans le cadre du programme international RIPIECSA (Recherches Interdisciplinaires et Participatives sur les Interactions entre les Ecosystèmes, le Climat et les Sociétés en Afrique de l'Ouest) afin de préciser l’impact de la variabilité climatique sur le bilan des flux hydriques. L’objectif de ce travail est mieux caractériser les spécificités hydrogéochimiques des eaux souterraines (nappes d’altérite et de fissures) en vue de mieux comprendre leur contribution dans la production des écoulements. La méthode d’ordination statistique SOM (Self Organising Maps) des réseaux de neurones a été utilisée pour mieux discriminer les individus (points de mesures) en mettant en évidence les relations non linéaires impossibles à obtenir avec les méthodes classiques d’ordination. Aucune particularité chimique nette ne se dégage du fait d’une forte variabilité chimique interne à chacun des aquifères considérés traduisant une possible déconnexion d’une part entre les différentes nappes logées dans les altérites et d’autre part entre les fissures du socle cristallin. 

Mots clefs  différenciation physico-chimique; réseau de neurones; nappes d’altérite et nappes de socle; RIPIECSA; bassin versant de Kolondièba
Hydrogeochemical differentiation between shallow alterite and deep fractured bedrock aquifers in the catchment of Kolondieba (southern Mali): statistical approach by SOM neural networks  

Abstract The Kolondieba watershed (3010 km2, sub-watershed of Bani, the main tributary of the Niger River in Mali, in the Soudanian area), was designed under the International Program RIPIECSA (interdisciplinary and participatory research on Interactions between Ecosystems, Climate and Societies in West Africa) to understand the impact of climate variability on the balance of water flow. The objective of this work is to characterize the hydrogeochemical characteristics of groundwater (alterite and bedrock fractured aquifer) to better understand their contribution in the flow production. The statistical method of ordination SOM (Self Organizing Maps) of neural networks was used to discriminate individuals by identifying nonlinear relationships impossible to obtain with conventional methods of ordination. No significant chemical peculiarity can be found due to high chemical variability internal to each aquifer considered, reflecting on a disconnection between the different alterite groundwater on one hand and, on the other, between the fractures of the crystalline basement.

Key words  physico-chemical differentiation; neural network; altérite aquifer and fractured aquifer; RIPIECSA; Kolondieba watershed
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Hydrodynamic and hydrochemical changes affecting groundwater in a semi-arid region: the deep Miocene aquifers of the Tunisian Sahel (central east Tunisia)
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Abstract Like all other Mediterranean countries, Tunisia provides multiple examples of groundwater degradation due to its overexploitation. This is especially the case in the Zéramdine-Mahdia-Jébéniana region (central east Tunisia), where recent measurements revealed an important piezometric drop in the Miocene aquifers. Through hydrodynamic and hydrochemical analysis, we studied the influence of the head decrease on groundwater flow and quality. The spatial and temporal analysis of the piezometry identified two totally independent compartments. This was confirmed by the hydrogeochemical and multivariate statistical analysis. The Miocene aquifer system was divided into two water groups: (1) the Zéramdine-Béni Hassen aquifer which is characterized by freshwater, Na-Ca-Cl-SO4 facies, and salinity increase from west to east that is coinciding with the principal water flow direction; and (2) the Mahdia-Ksour Essef aquifer, which is defined throughout by high and heterogeneous salinity and Na-Cl facies.

Key words  groundwater; piezometry; water quality; overexploitation; Tunisia
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Quantification de l’alluvionnement des retenues des barrages et évaluation de l’érosion des bassins versants: étude de cas de trois barrages au nord de la Tunisie
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Résumé Les retenues des barrages sont des piéges à sédiments. Les campagnes bathymétriques et les Modèles Numériques de Terrain (MNT) présentent un outil de quantification de l’alluvionnement d’une part et de l’érosion des bassins versants respectifs d’autre part. Les études minéralogique et géochimique des sédiments piégés permettent d’identifier la nature du produit érodé. L’étude de trois retenues de barrage construits sur les oueds Sejnane, Joumine et Ghezala au nord de la Tunisie montre que l’érosion spécifique de leurs bassins versants est respectivement de 766.3 t km-2 an-1, 1561.5 t km-2 an-1 et 389.2 t km-2 an-1. En tenant compte des teneurs en COT, NTK et en P2O5, nous avons pu calculer le taux de ces éléments nutritifs dans les sédiments piégés par les retenues des barrages. Les résultats montrent que l'érosion du carbone organique total (COT) est de 6.2 t km-2 an-1 pour la retenue du barrage Sejnane, 12,3 t km-2 an-1 dans la retenue de Joumine et 2.1 t km-2 an-1 au niveau de la retenue du barrage Ghezala. L’azote total (NTK) est respectivement de l'ordre de 0.8 t km-2 an-1, 1.9 t km-2 an-1 et 0,4 t km-2 an-1. En fin, le phosphore hérité des bassins versants étudiés est de 1.9 t km-2 an-1, 5.3 t km-2 an-1 et 0.9 t km-2 an-1 respectivement. Les cartes de vulnérabilité à l'érosion des bassins versants des oueds Sejnane, Joumine et Ghezala nous a permis de localiser les zones susceptibles d'alimenter les cours d'eaux par la matière solide. Superposé aux cartes pédologiques et géologiques nous avons identifié les sols fournissant le matériel érodé.

Mots clefs  alluvionnement; érosion spécifique; barrage; carbone organique total; azote total; phosphore

Quantification of silting of reservoirs and evaluation of watershed erosion: a case study of three dams in the north of Tunisia 

Abstract The silting up of rivers has profoundly modified the downstream hydrology and blocked the transport of sediment through the natural discharge system. The transported material comprises minerals and associated nutrients and other pollutants. The bathymetric study and the Numerical Terrain Models present a tool for siltation quantification and give an idea of catchment erosion. The mineralogical and geochemical studies of trapped sediments allow identification of the nature of the eroded product. The study of three reservoirs dams on Sejnane, Joumine and Ghezala wadis, in the north of Tunisia shows that the specific erosion of their basins is respectively of 766.3 t km-2 year-1, 1561.5 t km-2 year-1 and 389.2 t km-2 year-1. Tonnages of TOC, TN and TP were estimated by integration of TOC, TN and TP percentages and the dry mass of solid matter trapped by reservoirs. Results show that the erosion of total organic carbon (COT) is 6.2 t km-2 year-1 for the Sejnane dam, 12.3 t km-2 year-1 in the Joumine dam and 2.1 t km-2 year-1 at the level of the Ghezala dam. Total nitrogen (NTK) is respectively in the order of 0.8 t km-2 year-1, 1.9 t km-2 year-1 and 0.4 t km-2 year-1. The phosphorus tonnage is 1.9 t km-2 year-1, 5.3 t km-2 year-1 and 0.9 t km-2 year-1, respectively. The maps of the erosion vulnerability of the studied basins allowed us to locate zones participating in erosion and hence contributing instead to surface waters. The pedological and geological data allowed us to locate the eroded grounds.
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Spatial and temporal variation of the water quality of an intermittent river, Oued Fez (Morocco)
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Abstract This study aims to characterise and quantify the pollutant concentrations and fluxes in various locations of the Oued Fez hydrological network and assess their impact on the Sebou River, which is considered as a national priority zone in Morocco. Eight observation sites have been set up to quantify the temporal and spatial variability of pollutant fluxes in the river and to rank water and pollutant contributors. Water quality is evaluated through nutrients (total nitrogen and total phosphorus essentially) and heavy metals (essentially chromium). The results show that the river is highly polluted: the measured concentration values exceed international water quality standards for all the studied elements and indicate that the river is a possible threat to the downstream water bodies of high economic interest.
Key words  domestic and industrial effluents; water quality; nitrogen; phosphorus; chromium; Fez, Morocco
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Utilisation de l’hydrochimie et de la géochimie isotopique pour caractériser les conditions de recharge de l’aquifère de Morroa (Colombie) sous climat semi-aride 
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Résumé L’aquifère multi-couche de Morroa (nord-ouest Colombie) est constitué principalement de sable conglomératique peu consolidé, intercalé avec  des couches argileuses.  Il constitue la principale source d’alimentation en eau de la région (climat tropical sec) qui compte de nombreux centres urbains. Au cours des 50 dernières années, son utilisation intensive a conduit à une baisse significative de la nappe même si l’arrêt des pompages semble montrer une certaine récupération. Dans ce contexte, des mesures géochimiques classique et isotopique (18O, 2H, 13C, 14C et tritium) ont été menées entre 2002 et 2003, afin de caractériser les conditions de la recharge actuelle. La chimie des eaux montre un faciès bicarbonaté calcique tendant à évoluer vers un faciès bicarbonaté sodique pour les forages les plus profonds liés aux processus d’échanges cationiques avec les niveaux argileux. Oxygène-18 et deutérium donnent des teneurs très homogènes, signe d’un mélange des eaux importants dans l’aquifère, donc de temps de résidence long en accord  avec les résultats en tritium (sans) et 14C (50–90% d’activité). Il semble donc que la possibilité de renouvellement de l’eau de cet aquifère reste faible à nulle et donc qu’il est important de penser à trouver d’autre stratégies pour l’approvisionnement en eau de la zone.

Mots clefs  aquifère; zone semi-aride; gestion de l’eau; chimie; isotope; Colombie

Use of hydrochemistry and isotope geochemistry to characterize recharge conditions in Morroa (Colombia) groundwater under semi-arid climate
Abstract The multilayer aquifer of Morroa (northwest Colombia) is mainly composed of sandstone and is almost under consolidated conglomerates interbedded with clayey layers. It is the main water supply source of the region characterized by a dry tropical climate, and includes many urban centres. During the last 50 years, its intensive use has resulted in a significant decrease of the water table, even if the cessation of pumping seems to show some recovery. In this context, classical and isotopical geochemical measurements (18O, 2H, 13C, 14C and tritium) were made between 2002 and 2003 to characterize current recharge conditions. The water chemistry shows an evolution between calcium bicarbonate and sodium bicarbonate in proportion to borehole depth, which can be explained by a cation exchange process with the layers of clay. Oxygen-18 and deuterium give homogeneous values, indicating an important water mixing in this aquifer and thus a large water residence time, which agrees with tritium results (none) and 14C (50–90% of activity). The possibility to have a recent recharge is very limited study and it is very important to consider the current strategy to supply the zone with water.

Key words  aquifer; semi-arid zone; water management; water chemistry; isotope; Colombia
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Application des réseaux de neurones en insuffisance de jaugeage pour le tarage: cas du Côtier Algérois 
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2
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Résumé La quantification des apports liquides dans un bassin versant pose problème dans les études de mobilisation, dû soit, au manque appréciable de jaugeages pour l’extrapolation des débits maxima, soit à l’absence des stations hydrométriques. Ainsi, une méthodologie est adoptée consistant non seulement à extrapoler les débits maxima à partir des jaugeages réalisés au droit des stations hydrométriques mais aussi à développer une approche permettant de prédire la courbe de tarage dans les cours d’eau non jaugés. Le bassin versant “Côtier Algérois” est  pris comme zone d’étude. Son réseau hydrographique est très développé avec un réseau de stations hydrométriques très lâche. Pour l’extrapolation des débits maxima, un modèle régressif pouvant expliquer la relation “hauteur-débit” est recherché à partir des limnigrammes fournis et des jaugeages réalisés. Pour la modélisation de la courbe de tarage dans les cours d’eau non jaugés, les paramètres hydroclimatiques et morphométriques du bassin versant sont mises à l’épreuve par régression multiple linéaire et en utilisant le concept des réseaux de neurones. 

Mots clés  jaugeage; réseaux de neurones; régression multiple; bassin côtier Algérois 
Application of neural networks for the rating curves in ungauged river sites: case of the Algerian coastal basin
Abstract In the basin, the quantification of water resources poses problem in the mobilization studies, due either to the appreciable lack of gauging for the extrapolation of the maximum discharges or to the absence of hydrometric stations. So, a methodology is adopted consisting of not only extrapolating the maximum discharges from the carried gauging, but also in developing an approach which makes it possible to predict the rating curve in the ungauged rivers. The “Algerian Coastal” watershed is taken as a zone of study. Its hydrographical network is very developed, but there are not enough hydrometric stations. For the extrapola​tion of the high discharge, a regressive model to explain the “stage–discharge” relation is required from the provided limnigrammes and the realized gauging. For the modelling of the rating curve in the ungauged rivers, the perspective of the watershed characteristics are put to the test by multiple linear regression and by using the artificial neural network concept. 

Key words  gauging; artificial neural network; multiple regression; Algerian coastal watershed
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Le projet Volta-HYCOS: un observatoire hydrologique sur le bassin de la Volta
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Résumé Le projet Volta-HYCOS (Volta “HYdrological Cycle Observing System” ou “Système d’Observation du Cycle Hydrologique”) a démarré en 2006, dans le but de renforcer le réseau d’observation hydrologique sur le bassin de la Volta et de mettre en place un Système d’Information sur l’hydrologie et les ressources en eau de ce bassin, accessible via Internet. La gestion intégrée de l’eau à l’échelle de ce bassin transfrontalier et le partage équitable de la ressource entre les différents pays qui le composent (Bénin, Burkina Faso, Côte d’Ivoire, Ghana, Mali et Togo) nécessitent en effet de disposer de données fiables et mises à jour sur la ressource disponible. La faiblesse des réseaux hydrométriques dans les pays du bassin depuis les années 80 ne permettait plus de répondre de façon adéquate à ce besoin. Initialement mis en œuvre par l’Organisation Météorologique Mondiale (l’OMM), et récemment transféré a l’Autorité du Bassin de la Volta. le projet Volta-HYCOS est une composante du programme mondial WHYCOS (“World Hydrological Cycle Observing System”) de l’OMM. Cet article présente le réseau hydrométrique mis en place dans le cadre du projet, ainsi que le Système d’Information Hydrologique qui a été développé. 
Mots clés  Volta-HYCOS; bassin de la Volta; réseau hydrométrique; observatoire; base de données; 
système d’information; renforcement des capacités
The Volta-HYCOS project: a hydrological observatory on the Volta basin 
Abstract The Volta-HYCOS Project (Volta HYdrological Cycle Observing System) started in 2006, with the aim of reinforcing the hydrometric network in the Volta basin and establishing a Hydrological Information System (HIS) on the water resources of the basin, accessible via the internet. In effect, Integrated Water Resources Management (IWRM) within this transboundary basin and the equitable sharing of the benefits from water resources of the basin among the different countries which share the basin (Benin, Burkina Faso, Cote d’Ivoire, Ghana, Mali and Togo) require reliable data on the available water resources, which should be updated regularly. The poor state of the hydrometric network in the Volta basin countries since the 1980s no longer permits this need. Initially executed by the World Meteorological Organisation (WMO), and recently transferred to the Volta Basin Authority, the Volta-HYCOS Project is a component of the WMO WHYCOS Programme (World Hydrological Cycle Observing System). This paper presents the hydrometric network, which was established in the framework of the project, as well as the Hydrological Information System which was developed.

Key words  Volta-HYCOS; Volta basin; hydrometric network; observatory; database; information system; 
capacity building
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Standardisation des bases de données des programmes FRIEND et du Programme Hydrologique International (PHI) de l’UNESCO pour l’Amérique Latine et les Caraïbes

Jean-François BOYER & Eric SERVAT
IRD – HydroSciences Montpellier, Place E. Bataillon, F-34395 Montpellier cedex 5, France
boyer@msem.univ-montp2.fr
Résumé Les programmes FRIEND de l’UNESCO s’organisent autour de différents thèmes de recherche et autour d’une activité commune de base de données. L’harmonisation des bases de données de tous les programmes passe par l’adoption de schéma et de norme de métadonnées communs. L’intégration des données temporelles d’hydrométéorologie et des informations contenues dans des documents demande la définition d’un schéma physique de données spécifique. L’utilisation des données par un large public de chercheurs impose le choix d’une interface Web et donc la construction d’un système fiable de contrôle d’accès. L’administration des données et la gestion de l’administration de la base de données s’effectuent elles aussi à travers une interface Internet.
Mots clés  FRIEND; UNESCO; Base de Données; Norme ISO 19115; developpement internet; 
series chronologiques hydrometeorologiques
Database standardization for the International Hydrological Programme (IHP) and for the FRIEND programmes of UNESCO for Latin America and the Caribbean

Abstract The FRIEND programmes of UNESCO are organized around different research themes and around a common activity database. The harmonization of databases of all programmes adopts common patterns and metadata standards. The integration of hydrometeorological time series and information contained in documents requires the definition of a specific physical pattern of data. Using data from a public audience of researchers requires choosing a Web interface and then building a reliable system to control access. The data administration and the management of the database administration also needs to develop a Web interface.

Key words  FRIEND; UNESCO; Database; ISO 19115; software development; hydro-meteorological time series
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Satellite monitoring of Yaere flood plain dynamics (north Cameroon) 
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Abstract The Yaere flood plain in north Cameroon is subject to annual flooding caused by local rainfall and Logone River overflow. Large evaporative loss (12 km3 year-1) from this 8000 km2-flooded area causes a significant loss in water supply to Lake Chad. Flood monitoring is performed using the 10-daily 1 km spatial resolution small water body (SWB) product generated by the Joint Research Centre (JRC) of the European Commission, as a result of processing SPOT VEGETATION images. As this method was initially designed for the detection of small water bodies in arid and semi-arid regions, a field validation showed the benefits and drawbacks for the monitoring of large flood plains. Difficulties in reconstructing the surfaces of large open water bodies were observed, while a good ability for reproducing water spreading and irrigation conditions over the rice-growing areas was proven. Observed water levels at the outlet of the plain were fully consistent with remotely monitored flood spreading across the whole plain that occurs when the maximum discharge of the Logone River is greater than 1500 m3 s-1. Annual SWB composite maps coupled with DEM information were found to provide consistent information on the water path across the plain.

Key words  Yaere; flood monitoring; remote sensing; field validation; Small Water Bodies; flow path; DEM; SRTM
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BFP Volta Data Volume, an example of multimedia support for the final report of an international programme
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Abstract The Basin Focal Projects, programmes of the CGIAR Challenge Program on Water and Food, were led to consider global condition of water, food and poverty. Ten rivers were selected to carry out this programme. We will show an example of how to build a final product, taking the Volta basin project as a model. BFP Volta began in 2005 and finished by the end 2008. The basin, of around 395 000 km2, covers six countries, but 85% of its drained area is located in Ghana and Burkina Faso. The programme was carried out by specialists in the fields of hydrology, demography, agricultural production, climate, health and cattle breeding. Their different contributions to the results of the programme were gathered in a database and are displayed in a multimedia product. This communication will show the way an information system can be built, displaying the various data types collected within an international programme. 

Key words  multimedia product; data ownership; international programme; Volta basin; hydrology; demography; agricultural production; poverty; access to water
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Managing national hydrometric data: from data to information

HARRY DIXON
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Abstract The availability of high quality hydrometric data is fundamental to meeting the continually growing challenge of water management across the globe. River flow data, and environmental monitoring more widely, are acutely important during periods of actual or anticipated change. As such, the beginning of the 21st century has seen a heightened scientific demand for hydrometric information to help further understanding of variability in the global water cycle. This paper presents the experiences of the United Kingdom National River Flow Archive in managing large hydrometric datasets of international significance. The role of a National Hydrometric Information Service in relation to all aspects of the river flow monitoring cycle, from user requirements and network design, to information dissemination and decision making is considered. Current operational practices are outlined, including their applicability to other national hydrometric networks and the implications for end users of river flow information. 

Key words  hydrometric information; data management; monitoring; gauging network; data dissemination; 
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Hydrological Data Rescue – the current state of affairs
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Abstract Hydrological data are costly to record and collect, in terms of both effort and resources. Historical hydrological data records are important, nationally and internationally, for activities from water resources management to flood estimation and climate change modelling. Loss of data can have a significant impact on the ability to undertake these activities. Data rescue is the process of securing data at risk of loss through natural hazards, degradation or redundancy of storage medium, and providing access to data through digitisation and computerisation. A World Meteorological Organisation survey of National Hydrological Services worldwide requested information on current hydrological data rescue requirements. Results indicate huge volumes of data at risk. Many countries requiring data rescue are poorly represented within international flow archives. Data rescue efforts targeted towards these countries and towards capturing gauging station information would improve the data within these archives for a wide range of applications. 
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Calibration of a distributed hydrological model for simulations of remote glacierized Himalayan catchments using MODIS snow cover data
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Abstract The objective of this study is to investigate the suitability of remote sensing data to calibrate a distributed hydrological model of a Nepalese Himalayan headwater catchment. Snow cover data from the Moderate Resolution Imaging Spectroradiometer (MODIS) satellite are used to calibrate the snow and glacier routine of the conceptual hydrological model TACPDP. The snow cover information is useful to constrain the hydrological model in the calibration phase, especially in data-scarce regions. Simulation results using the MODIS calibrated parameter sets are evaluated against independent observations measured discharge data and glacier mass balance measurements of the Langtang Khola catchment. The constraint posed in the calibration phase by the spatially distributed observations allows a reduction in the equifinality problem, thus producing a better balance among the modelled processes and a more plausible partitioning of the different runoff components. Accordingly, we demonstrate that the use of a remote sensing-based additional source of information allows enhancing streamflow predictions for data scarce areas, thus also allowing water resources assessment in remotely located regions.
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Modélisation à base physique de la variabilité hydroclimatique à l’échelle d’un grand bassin versant tropical
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Résumé En Afrique de l’Ouest, l’espace soudanien est fortement affecté par une baisse des écoulements depuis les années 1970. La réduction des précipitations en est la principale cause. Mais, la sensibilité des bassins versants à cette baisse est variable et fait intervenir des processus complexes. La modélisation à base physique vise à mieux appréhender les interactions entre les facteurs externes (pluviométrie et température) et internes au bassin versant (couverts végétaux, sols et nappes souterraines). A cette fin, le modèle agro-hydrologique SWAT est mis en œuvre à un pas de temps journalier sur le bassin versant du Bani (100 000 km2, Mali) sur la période 1952–2000. La modélisation implique une structuration préalable des données spatiales (pluviométrie, température, sols, couverts végétaux, topographie et discrétisation en sous-bassins) à une résolution spatiale et sémantique adaptée aux objectifs de la modélisation et à la disponibilité des données. Le modèle présente un certain réalisme physique dans la représentation des interactions sol-plante-atmosphère. Il s’appuie également sur des paramètres empiriques concernant le ruissellement, les nappes souterraines et l’écoulement en chenal. Ces paramètres sont calés afin d’optimiser le calcul du débit quotidien avec une validation sur différentes périodes et en différents points de mesure. Les résultats de calage et de validation sont satisfaisants à l’exutoire du bassin (indices de Nash de 0.88 en calage et de 0.81 à 0.91 en validation) mais également en différentes stations de mesure sur les affluents (indices de Nash de 0.70 à 0.85). Le modèle permet de mieux comprendre le rôle et la hiérarchie des facteurs de contrôle de l’écoulement sur ce vaste bassin tropical, il permet également de spatialiser les écoulements. Il peut ainsi constituer un appui pour évaluer les ressources en eau de surface dans ces espaces tropicaux vulnérables.

Mots clef  modélisation à base physique; SWAT; mariabilité hydroclimatique; Rivière Bani; Afrique de l’Ouest

Physically-based modelling of hydroclimatic variability across a large tropical watershed 

Abstract West Africa has been greatly affected by runoff decrease since the 1970s, which is mainly explained by a decline in rainfall. However, the catchments’ sensitivity to this decrease is variable and controlled by complex processes. Physically-based modelling aims at representing the interactions between external factors (rainfall and temperature) and internal factors in the catchment (land-use, soil and groundwater). The SWAT agro-hydrological model was operated at a daily time step during 1952–2000 in the Bani catchment (100 000 km2, Mali). The modelling implies a preliminary constitution of spatial data (rainfall, temperature, land-use, soils and sub-basin delineation) in a resolution and an accuracy adapted to the simulation objectives and to the data availability. The model has a certain physical realism in the representation of the soil–vegetation–atmosphere interactions. It also leans on empirical parameters concerning runoff, groundwater and channel flow. The empirical parameters are calibrated to optimize the simulated daily discharge at the catchment’s outlet. The validation is made over various periods and in various gauging stations. The calibration/validation results are satisfactory at the catchment’s outlet (Nash coefficients values reaches 0.88 for calibration, and from 0.81 to 0.91 for validation) but also in various gauging stations located in tributaries (Nash coefficients values range from 0.70 to 0.85). The model could be used to better understand the role and the hierarchy of the control factors of flows over this large tropical catchment. It also allows for the spatialization the water flow. It can therefore constitute a support for the estimation of the variability of surface water resources in these vulnerable tropical areas.
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Mathematical models for early warning systems
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Abstract In recent years, non-structural measures based on Early Warning Systems increasingly play a relevant role in hydrogeological risk mitigation. Consequently, modelling of all the phenomena related to floods and landslides induced by rainfall, should be developed, with the aim of gaining accurate simulations and forecasting the events with a lag time large enough for activating civil protection measures. Indeed, in all the cases where the phenomenon rapidly evolves, like flash floods or shallow landslides, the lag time between observed rainfall and flood or landslide occurrence can be too short and must be extended by rainfall fields forecasting. The paper describes several mathematical models, developed at CAMILab laboratory of “Dipartimento di Difesa del Suolo” (University of Calabria), which are operating into Early Warning Systems. The models represent different processes and are integrated in order to firstly provide the nowcasting of precursor (rainfall) and then the occurrence evaluation of induced phenomena (floods and landslides). As regards rainfall nowcasting, stochastic models (temporal and space-time ones) and a coupled meteorological and stochastic model are illustrated. According to space-time scale and data availability, flood forecasting for real time warnings can be performed by using different rainfall–runoff models. Finally, for triggering conditions of landslides, a hydrological model and a complete landslide are considered. 
Key words  early warning systems; rainfall nowcasting; flood forecasting; landslide induced by rainfall
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Integrated hydrological information system for northern Algeria
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Abstract As a result of cooperative work of experts from Algeria (ANRH) and Serbia (Energoprojekt with the assistance of Belgrade University) through the project CRESNA (Carte des Ressources en Eau Souterraines du Nord de l’Algerie), an Integrated Hydrological Information System has been developed. The system consists of all data and information needed for surface and groundwater balance monitoring, regional hydrological analysis, and water management. This paper presents the structure of the developed system, some problems solved during the development and some aspects of water balance and regional hydrological relations developed for northern Algeria. 
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Extension du modèle DRASTIC pour l’évaluation de la vulnérabilité des eaux souterraines dans la plaine de Berrechid, Maroc
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Résumé La plaine de Berrechid située en arrière pays de la métropole de Casablanca connaît une activité agricole intense basée sur l’exploitation des eaux souterraines de la nappe phréatique, dont la qualité est soumise à plusieurs menaces de pollution dues entre autre à des rejets des eaux usées urbaines et industrielles. L’évaluation de la vulnérabilité de cet aquifère est effectuée selon une approche développée par Sinan & Razack (2009), basée sur le concept du modèle DRASTIC, mais qui distingue entre la vulnérabilité verticale de l’aquifère (concept en relation avec la percolation des polluants, évalué par un indice de vulnérabilité) et la sensibilité des eaux souterraines (concept en relation avec la qualité et l’utilisation des eaux souterraines évalué par un indice de sensibilité). Cette application a permis de distinguer des zones de haute sensibilité qui requièrent une attention particulière en termes de préservation et d’aménagement.

Mots clés  Plaine de Berrechid; Vulnérabilité des eaux souterraines; SIG; Maroc 

An extension to the DRASTIC model to assess the vulnerability of groundwater in Berrechid plain, Morocco

Abstract Berrechid plain, south of Casablanca, Morocco, has intense agricultural activity based on exploitation of the groundwater, whose quality is subjected to several threats from pollution due to urban and industrial wastewater discharge. Assessing the vulnerability of this aquifer is performed using an approach developed by Sinan & Razack (2009), based on the concept of the DRASTIC model, but which identifies between vertical vulnerability of the aquifer (a concept related percolation of pollutants measured by an index of vulnerability) and the sensitivity of the groundwater (concept in relation to the quality and use of groundwater estimated by a sensitivity index). This application has allowed the identification of areas of high sensitivity that require special attention in terms of preservation and development.

Key words  Berrechid plain; groundwater vulnerability; GIS; Morocco
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Caractérisation du tournant climatique des années 1970 en Afrique du nord-ouest

LAÏLA AMRAOUI 
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Résumé L’étude proposée concerne l’évolution climatique récente en Afrique du nord-ouest (entre le Maroc et la Mauritanie et leur proche océan) pendant la période 1950–2008. Elle est concentrée sur les tendances linéaires et les ruptures de stationnarité observables dans les séries des moyennes annuelles des températures de l’air à 2 m, la Pression atmosphérique au Niveau de la Mer (notée PNM) et les vents à 10 m de directions nord, nord-est, et est. Les analyses confirment un tournant climatique dans les années 1970. Ce tournant ne se traduit pas par des tendances homogènes. Ainsi les comportements thermiques varient localement avec un réchauffement au-dessus de l’océan atlantique entre 40°N et 14°N, tandis que sur le continent, le Maroc se réchauffe et la Mauritanie orientale enregistre une tendance au refroidissement. Le renforcement de la PNM est accompagné d’un renversement du régime de l’Harmattan avec un renforcement de sa composante Est. 

Mots clés  changement climatique; décennie 1970; températures; alizés; PNM

Characterization of the climatic turning point of the 1970s in northwest Africa

Abstract The recent climate change in northwest Africa presents locally significant changes for several parameters. This situation is confirmed over the period 1950–2008, between Morocco and Mauritania and the nearby ocean. This study is dedicated to the linear trends and breaks of trend in annual average series, of the air temperature at 2 m, the atmospheric pressure at Sea Level (rated PNM) and wind direction (at 10 m level) from the north, northeast and east. The analysis confirms a modification of the climate in the 1970s. This modification does not reflect homogeneous trends. Thus the thermal evolution varies with a local increase of the temperatures over the Atlantic Ocean between 40°N and 14°N, while on the continent, Morocco is getting warmer but in eastern Mauritania we have observed a cooling trend. The increase of atmospheric pressure is accompanied by a change in direction of the Harmattan’s winds, with an increase in eastern winds.
Key words  climate change; 1970s; segmentation; temperatures; trade winds; SLP
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Ressources en eau et changement climatique: évolution comparée de bassins versants en Méditerranée et Afrique de l’Ouest
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Résumé Cette étude a pour objectif d’évaluer la variabilité des ressources en eau de surface d’ici l’horizon 2080 sur deux grands bassins représentatifs des régions étudiées: la Moulouya au Maroc et le Bani au Mali. Les simulations des écoulements sont réalisées à l’aide du modèle hydrologique semi-spatialisé GR2M et des scénarios climatiques établis suivant les projections des modèles NCPCM et HadCM3 (SRES A2). Les résultats montrent une nette tendance à la diminution des précipitations sur la rive sud de la Méditerranée tandis que les conditions pluviométriques déjà déficitaires en Afrique de l’Ouest semblent se maintenir. En lien avec une hausse continue de l’évapotranspiration potentielle et une pression démographique toujours croissante, les écoulements de surface de ces deux bassins pourraient être fortement réduits, en particulier en période de crue.

Mots clefs  changement climatique; modélisation hydrologique; rivière Bani; rivière Moulouya; Méditerranée; 
Afrique de l’Ouest

Water resources and climate change: evolution compared for basins in Mediterranean and West African regions
Abstract This study aims to assess the variability of surface water resources by 2080 over two main basins: Moulouya in Morocco and Bani in Mali. Simulations of flows are performed using the semi-lumped hydrological model GR2M and climate scenarios established from climatic models NCPCM and HadCM3 (SRES A2). The results show a clear trend of reduced rainfall over the Moulouya watershed, while the already-deficient rainfall conditions over the Bani catchment appear to be maintained. These conditions, together with a continuing increase in potential evapotranspiration and growing population pressure in both areas, suggest that surface runoff from these basins could be substantially reduced, especially during floods. 

Key words  climate change; hydrological modelling; Bani River; Moulouya River; Mediterranean; West Africa
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Sensitivity of hydrological response of Lake Chad basin (Africa) to satellite rainfall and GCM atmospheric data
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Abstract As part of the hydrological modelling of the Lake Chad basin (LCB), monthly grids of precipitation and potential evapotranspiration (PET) have been updated using satellite derived estimates and re-analysis datasets. These data sets are then evaluated using the modified THMB model. The precipitation satellite products GPCP and TRMM are compared with observed rainfall and with the CRU grids: it appears that satellite rainfall products tend to underestimate the precipitation in mountainous areas and to overestimate it in central LCB. Five rainfall scenarios, calculated by concatenation and by correlation between CRU data and satellite data, were compared using the THMB model. While concatenating data, the satellite data were kept during the common period. The rainfall from GPCP, TRMM and their average yield gives better results than the simulation forced by CRU rainfall on the sub-basin of LCB. The PET is calculated with a Hargreaves model, radiative model, using solar radiation and air temperature extracted from climate simulations of NCEP/NCAR.

Key words  hydrological models; Lake Chad basin; pair wise comparison; satellite rainfall products 
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Identification of appropriate temporal scales of dominant low flow indicators in the Main River, Germany
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Abstract Models incorporating the appropriate temporal scales of dominant indicators for low flows are assumed to perform better than models with arbitrary selected temporal scales. In this paper, we investigate appropriate temporal scales of dominant low flow indicators: precipitation (P), evapotranspiration (ET) and the standardized groundwater storage index (G). This analysis is done in the context of low flow forecasting with a lead time of 14 days in the Main River, a tributary of the Rhine River, located in Germany. Correlation coefficients (i.e. Pearson, Kendall and Spearman) are used to reveal the appropriate temporal scales of dominant low flow indicators at different time lags between low flows and indicators and different support scales of indicators. The results are presented for lag values and support scales, which result in correlation coefficients between low flows and dominant indicators falling into the maximum 10% percentile range. P has a maximum Spearman correlation coefficient (() of 0.38 (p = 0.95) at a support scale of 336 days and a lag of zero days. ET has a maximum ( of –0.60 (p = 0.95) at a support scale of 280 days and a lag of 56 days and G has a maximum ( of 0.69 (p = 0.95) at a support scale of 7 days and a lag of 3 days. The identified appropriate support scales and lags can be used for low flow forecasting with a lead time of 14 days.

Key words  low flows; standardized groundwater storage index; rank correlation; support scale; time lag; Main River, Germany
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Prise en compte des variabilités spatio-temporelles de la pluie et de l’occupation du sol dans la modélisation semi-spatialisée des ressources en eau du haut fleuve Niger
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Résumé Le changement climatique et environnemental est au cœur des préoccupations politiques et scientifiques actuelles. Pour l’Afrique de l’Ouest, déjà fragilisée, la question est vitale. L’objectif de ce travail est de prendre en compte de manière optimale la variabilité spatio-temporelle des états de surface et de la pluie dans la modélisation pluie-débit mensuelle des ressources en eau du haut-fleuve Niger. Une étude de sensibilité détaillée de la version semi-spatialisée du modèle GR2M a tout d’abord été menée. Puis une cartographie de l’occupation du sol à différentes dates a été réalisée à partir d’images Landsat afin d’en déduire des variations spatio-temporelles à appliquer à un des paramètres du modèle. Enfin, des données de pluie issues de Meteosat pour les années 2004 et 2005, ont été utilisées en vue d’une meilleure prise en compte de la variabilité spatiale de la pluie. Cette étude a permis d’identifier les voies d’amélioration de la modélisation à l’aide du modèle GR2M semi-spatialisé.
Mots clefs  modélisation pluie débit; pluies METEOSAT; états de surface; ressources en eau; fleuve Niger

Taking into account the spatial and temporal variability of rainfall and land use in semi-lumped modelling of water resources in the upper Niger River 

Abstract Climatic and environmental change is a major political and scientific concern, even more for western Africa, already weakened by three decades of drought. This work aims at an optimal consideration of the spatiotemporal variability of land-use changes and rain in the monthly rainfall–runoff modelling of water resources of the upper Niger River. A detailed sensitivity analysis of the semi-lumped version of the GR2M model was first carried out, and then long-term land-use changes were mapped using Landsat images to estimate some spatiotemporal variations of one of the model’s parameter. Lastly, rainfall data from Meteosat in 2004 and 2005 were used to get a better estimation of the spatial variability of the rain. This study allowed the identification of the possible ways of improving water resources modelling using the semi-lumped version of the GR2M model.
Key words  rainfall–runoff modelling; METEOSAT rainfall; land cover; water resources; Niger River
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High-resolution, large-scale hydrological modelling tools for Europe
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Abstract Widespread availability of regional and global databases, as well as increases in computer processing speeds, enable the set-up and use of traditional high-resolution hydrological models over large regions. In this study, large-scale, high-resolution hydrological model applications were set up for the Baltic Sea runoff basin and the European continent using the HYPE model, a new, daily time-stepping hydrological model developed at the Swedish Meteorological and Hydrological Institute (SMHI, Lindström et al., 2010). The model applications were set up using readily-available regional and global databases for model input and model evaluation as a substitute for, and complement to, local data. Daily discharge data from the Global Runoff Data Centre (GRDC, 2009b), the European Water Archive (GRDC, 2009a), and the Baltex Hydrological Database Centre (BHDC, 2009) were used to calibrate and validate the BALT-HYPE application using a uniform calibration approach. Additionally, the large-scale modelling approach is demonstrated for the pan-European application, E-HYPE using the BALT-HYPE calibration parameters. The results indicate that BALT-HYPE is a useful tool for evaluating hydrology in unregulated basins for northern Europe and that the extended E-HYPE application has the potential to deliver the same data on a pan-European scale. 

Key words  Europe; Baltic Sea; large-scale; hydrological modelling; rainfall–runoff modelling 
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Evaluation d’impacts potentiels de changements climatiques sur l’hydrologie du bassin versant de la Moulouya au Maroc
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Résumé A l’aide du modèle hydrologique GR2M et des données de scénarios climatiques à haute résolution sur le Maroc issues du modèle ARPEGE-climat, une évaluation de l’impact éventuel de changement climatique sur les ressource en eau du bassin versant de la Moulouya est effectuée pour l’horizon 2021–2050. En termes d’évolution observées, les débits mensuels ont accusé une diminution entre 1958 et 2000, principalement attribuée à la diminution des précipitations combinées à l’augmentation de l’ETP. Selon les projections du scénario SRES A1B, cette diminution de débits va se poursuivre dans le futur, notamment en saison hivernale.

Mots clefs  ressources en eau; changement climatique; impacts; débits; Maroc; Moulouya

Evaluation of potential climate change impacts on water resources of the Moulouya watershed in Morocco

Abstract Using the hydrological model GR2M and climate scenarios data at high resolution over Morocco issued from the ARPEGE-Climate model, this study has tried to evaluate climate change impacts on water resources of the Moulouya watershed. The analysis of observed discharge data reveals a negative trend over the period 1958–2000. This decrease is mainly attributed to a decrease in total rainfall amounts and to a positive trend shown by the ETP. After the SRES A1B, the Moulouya winter discharges are projected to also decrease during 2021–2050.
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Changes in precipitation and river flow in northeast Turkey: associations with the North Atlantic Oscillation
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Abstract This paper explores the relationships between the North Atlantic Oscillation (NAO) index and precipitation and river flow over northeast Turkey. Precipitation totals and maximum, mean and minimum river flow are analysed at the seasonal scale for 12 and 10 stations, respectively. Pearson’s and Mann-Kendall correlation tests are applied to assess relationships between the NAO index and precipitation and river flow metrics, and to detect trends in time-series. Autumn precipitation totals display significant increasing trends, especially for coastal stations, while inland stations show significant increasing trends for spring precipitation. Minimum and maximum river flow decreases significantly for spring and summer. This tendency implies varying conditions towards a drier regime. Seasonal precipitation patterns show a negative association with the NAO for December–January–February (DJF), March–April–May (MAM) and September–October–November (SON) for some stations. Positive associations between the NAO and winter-extended winter (December–March) river flows are detected for some stations in northeast Turkey. 

Key words  rainfall–runoff; time-series; trends; hydroclimatology; NAO; northeast Turkey
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Links between NAO fluctuations and interannual variability of precipitation in the Seine River watershed
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Abstract The variability of precipitation on the Seine River watershed (France) was studied during winter for 1951–2004. This study aims at characterizing the interannual variability of precipitation in the Seine watershed in relation to that of the North Atlantic Oscillation (NAO). The precipitation in the Seine watershed is characterized by a long-term trend, indicating the existence of disruption around 1970–1980 and 1990. These disruptions are also found in NAO. A wavelet coherence analysis between precipitation and NAO showed the existence of three distinct periods: before 1970, between 1970 and 1990, and after 1990. The results highlight the relationship between NAO and precipitation in the Seine watershed, which appears to affect some specific interannual time scales more specifically, namely the 5–9 year and the 16–20 year modes, during certain time periods.

Keywords  NAO/precipitation relationship; interannual variability; wavelet coherence analysis; LOESS; 
Seine River watershed
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A review of the status, research opportunities and future of large-scale river flow archives
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Abstract Large-scale river flow archives hold vital data to identify and understand the changing water cycle, to underpin modelling of future regional and global hydrology, and to inform water resource assessment and decision making. Notable examples of such datasets include that held by the WMO Global Runoff Data Centre (GRDC) and the UNESCO-FRIEND European Water Archive (EWA). For large-scale river flow archives to be useful research resources, they must be fit-for-purpose. However, such datasets are under threat by shrinking gauging network coverage and more restricted access to national-scale information. This article aims: (a) to highlight the value of these databases for study of important blue-skies and applied issues; (b) to present a state-of-the-art review of large-scale river flow datasets; and (c) to propose ways to consolidate historical, and secure future, data. We seek to stimulate debate on this topic and action to move forward.

Keywords  discharge; runoff; streamflow; database; time-series; availability; regional hydrology; worldwide
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Simulating the hydrology and water resources of large basins in southern Africa
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Abstract There are a number of problems associated with developing water resources management strategies in the large basins of Africa where data are scarce. This paper reports on some initial applications of drought assessment methods and a hydrological model in the Zambezi and Congo basins, using global rainfall data sets as the main input information. The drought analyses using CRU and GHCN rainfall data for the Zambezi show broad agreement, but some important local variations. The results are related to FAO crop production statistics, but further testing of alternative drought indices is required. Gauged streamflow data (12 sites) and CRU rainfall data were successfully used to calibrate and validate the Pitman monthly time-step rainfall–runoff model for many parts of the Congo basin. Problems were experienced in one of the headwater tributaries and in the ungauged central parts of the basin. Further work will include assessments of future climate change scenarios and their uncertainty.

Key words  hydrological modelling; large basins; data scarcity; water resources management
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North Atlantic sea surface temperature, atmospheric circulation and summer drought in Great Britain
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Abstract Improved understanding of climate system variation that leads to the development of streamflow drought will improve prospects of forecasting drought occurrence, and also inform drought mitigation and adaptation strategies. This research need is addressed here through investigation of the chain of processes linking concurrent and antecedent ocean–atmosphere variation to summer drought occurrence in four British drought regions. Results reveal that in some regions, drought development is associated with a horseshoe pattern of North Atlantic sea surface temperature (SST) anomalies that are most apparent in the six months preceding drought onset. This horseshoe pattern is similar to the pattern of SST anomalies associated with the North Atlantic Oscillation (NAO). However, analyses of geopotential height fields prior to drought onset reveal ocean–atmosphere forcing of drought events to be more complex than can be described simply by correlation of NAO and drought indices.
Key words  river flow; hydrological drought; sea surface temperature; North Atlantic Oscillation; 
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River flow trends in west and northwest Italy
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Abstract The detection and attribution of trends in long-term river flow time-series is important to understand spatial and temporal patterns of water resource availability and to predict any future hydrological change. Trends were analysed in monthly river flow time series for 18 gauges in west and northwest Italy spanning the period 1925–2006, using the Mann-Kendall test and linear regression. Two regions with coherent patterns of trends were identified: one in northwest Italy and the second in Tuscany. Monthly flows in summer have decreased for 7 stations in northwest Italy. An increasing trend in spring monthly flows was observed for 6 stations in northwest Italy. Previous work in this region suggests that climatic drivers may be responsible for these trends. The decrease in summer flows has wider implications for the ecology, economy, water use and sustainable development in western and northwestern Italy.
Key words  river flows; trend analysis; Italy; Mediterranean; Italy 
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Water resources variability in the context of climatic fluctuations on both sides of the Atlantic Ocean
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Abstract We study the long-term changes, oscillations and fluctuations of hydrologic variables and the relationship with the internal variability of the climate system by wavelet analysis of time series (precipitation, discharge, piezometry) and climate indices, in various climatic and geomorphological contexts on both sides of the Atlantic Ocean (NW France, North Africa, USA), in various hydrological compartments (surface and groundwater), at various spatial scales (small watersheds and large rivers). These results would describe a global pattern in hydrological processes as a response to climate fluctuations. In the northwest of France and North Africa, we observe 2- to 3-year and 5- to 7-year modes which could be related to fluctuations in the (North Atlantic Oscillation) NAO. In the USA, we notice similar 2- to 3-year and 5- to 7-year modes that might be possibly related to the SOI (Southern Oscillation Index). In any case, two major temporal discontinuities were systematically recovered around the 1970s and the 1990s, which could be climatic discontinuities at the global scale.
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Estimation des paramètres d’un modèle mensuel pour l’évaluation des débits d'étiage en bassins non jaugés
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Résumé La principale difficulté d’une modélisation en site non jaugé réside dans l’estimation des paramètres des modèles. Des régressions multiples permettent d’expliquer en partie ces valeurs à partir de la physiographie des bassins versants. Ce lien statistique permet une application des équations issues de ces régressions aux bassins non jaugés pour lesquels les variables physiographiques sont connues. Les paramètres ainsi calculés sont introduits dans un  modèle pour la simulation des débits d’étiage.
Mots clefs  débits d’étiage; modèle pluie-débit; régressions multiples; physiographie; paramètres
Estimating low flow discharges at ungauged sites by relating model parameters to catchment properties

Abstract The aim of this study is to propose a model to estimate characteristic low flow discharges for ungauged basins. The main difficulty is related to the estimation of the model parameters. Regression equations can be established between the parameters and catchment properties, and applied to predict parameters at ungauged sites. A validation for low flow discharges is operated for about 20 basins.
Key words  low flow; rainfall–runoff model; multiple regressions; catchment properties; parameters
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Mean monthly runoff scenarios of the Danube River
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Abstract This paper is a statistical analysis and long-term prognosis of monthly flows of the Danube River at Bratislava. Analysis of the mean annual and monthly flows implies that, while the annual flow regime of the Danube oscillates around its long-term average, its monthly flows undergo a significant and probably permanent changes, attributable to the elevated air temperatures. Conversely, the observed changes in the flow regime can be explained by altered patterns of precipitation and, maybe, construction of water structures on the upper Danube's major tributaries. Another issue addressed in this paper, concerns the creation of a projection scenario for monthly flows, based on analyses of historical flow records covering the period 1876–2005. The proposed scenario for the time horizon 2075 was compared to other two scenarios derived from several global and regional runoff models. Our scenario originates from analysis of the actual monthly flows recorded over the period 1876–2006, while the second and the third scenarios were created on the basis of the complex climatic and rainfall–runoff models using data from 1960 to 1990. 
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The River Niger water availability: facing future needs and climate change
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Abstract The River Niger is the third longest river in Africa, with a stream length of 4200 km, a drainage basin of 2 170 500 km2 (of which 1 500 000km2 is an active basin), and an average discharge of about 6000 m3/s. The natural variability of its rainfall and discharge are analysed for several major sub-basins, in the context of the West African drought, which has lasted for nearly 40 years. Two paradoxes are shown: the increase of Sahelian runoff since the beginning of the drought due to land degradation, and the steep decrease of Sudanian runoff over the same period, substantiated by the long-lasting decrease of the groundwater tables. The cooperation between the nine countries sharing the basin is organized through the Niger Basin Authority (NBA), which needs to propose and administer plans to meet objectives for all development projects throughout the basin. Much information about the water resources available in the basin is collected and analysed by the NBA, which is summarized in this paper, including surface and groundwater resources, rainfall and evaporation over the basin, existing and projected dams and water consumption for irrigation. From the standpoint of water resources, the Niger basin can be divided into four zones with different physical and geographical characteristics: (i) the Upper Niger basin, in Mali, Guinea, and Ivory Coast, covering a surface of 257 000 km2, with only one large dam in Mali (Selingue, 1.7 MMm3); (ii) the inner delta, in Mali, which seasonally flooded surface can reach 35 000 km2, and where the water losses vary between 24% and 48%; (iii) the Middle Niger basin, in Mali, Niger and Benin, where local flows from Sahelian and Sudanian areas join the residual outflow from the inner delta; and (iv) the Lower Niger basin, between Cameroon, Nigeria and Chad, where high rainfall increases the River discharge, and where large dams for hydro-electric power production and irrigation are built. The River Niger is deficient in dams to control water, especially in its upper and middle basins. Nigeria has many dams, including large dams, while Burkina-Faso has many small dams, but there are only a few dams upstream of the River Niger in Mali/Guinea/Ivory Coast. It is therefore likely that several dams will be built in the Niger basin in the coming years, and several are in the project phase: among which three are large ones in Guinea (Fomi), Mali (Tossaye) and Niger (Kandadji). All of these will have a large impact on the River Niger regime and the environment, especially the Fomi dam, which will significantly change the river regime upstream of the inner delta, inducing an important reduction of the flooded area, and the Tossaye dam on the Saharan border of Mali, which could promote a very significant level of evaporation, while the Kandadji dam will have less impact downstream. It is very important before building these dams to take into account the past years variability of climate and river regime. It is particularly important to take into account the very large runoff decrease in the tropical humid sub-basins, and the runoff increase in the Sahelian sub-basins.
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Abstract This paper is a statistical analysis and long-term prognosis of monthly flows of the Danube River at Bratislava. Analysis of the mean annual and monthly flows implies that, while the annual flow regime of the Danube oscillates around its long-term average, its monthly flows undergo a significant and probably permanent changes, attributable to the elevated air temperatures. Conversely, the observed changes in the flow regime can be explained by altered patterns of precipitation and, maybe, construction of water structures on the upper Danube's major tributaries. Another issue addressed in this paper, concerns the creation of a projection scenario for monthly flows, based on analyses of historical flow records covering the period 1876–2005. The proposed scenario for the time horizon 2075 was compared to other two scenarios derived from several global and regional runoff models. Our scenario originates from analysis of the actual monthly flows recorded over the period 1876–2006, while the second and the third scenarios were created on the basis of the complex climatic and rainfall–runoff models using data from 1960 to 1990. 
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High and low flow catalogues for Europe: regional indicators as tools to characterise spatially-coherent hydrological extremes
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Abstract Historical records of major hydrological extreme events at regional scales can contribute toward improved water management planning and can be used as a “benchmark” against which to compare future changes. This study applies the Regional Deficiency Index (RDI) concept to over 500 daily streamflow records grouped into 24 homogeneous European regions and covering the period 1961–2005 (to 2007 for the UK) to produce a unified set of flood and drought catalogues. The data have been collated to assess the frequency, duration, severity and spatial coherence of hydrological extremes on a regional scale. The high and low flow catalogues presented here for the UK agree with known major flood events and drought episodes of the last 50 years reported in previous literature, which suggests the catalogues have utility for establishing a record of regionally-significant extremes elsewhere in Europe.
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Caractérisation de la sécheresse hydropluviométrique du Bani, principal affluent du fleuve Niger au Mali
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Résumé Dans l’optique d’aménagements ultérieurs et dans un contexte de changement climatique, il apparaît nécessaire de mettre à jour nos connaissances des régimes hydropluviométriques du fleuve Niger et de ses affluents. Le travail présenté s’intéresse au principal affluent du Niger dans sa partie supérieure, le Bani. Les résultats montrent que sur le bassin la pluviométrie a baissé de 15 à 25% depuis le début de la sécheresse en 1970, mais vers l’exutoire du bassin, à Douna (101 200 km2), les débits annuels ont baissé de plus de 65%. La géologie du bassin pourrait expliquer ce décalage. Toutefois, ces résultats sont liés à la fiabilité des données en basses-eaux et à l’anthropisation du bassin du Bani qui est probablement sous-évaluée comme le montre un travail non exhaustif sur le dénombrement des aménagements hydro-agricoles sur le bassin et qui pourrait avoir une influence qu’il reste à évaluer.

Mots-clefs  Afrique de l’Ouest; aménagements à buts multiples; changement climatique; pluie; écoulement

Characterization of the hydropluviometric drought of the Bani, main tributary of the Niger River in Mali

Abstract In a development and climatic change context, it appears necessary to update our knowledge of the hydrology of the Niger River and its tributaries. The presented work focuses on the Bani, principal tributary of the Upper Niger. The results show that the basin rainfall dropped by 15–25% since the beginning of the drought in 1970, but at the outlet of the watershed, in Douna (101 200 km2), the annual flows dropped by >65%. The geology of the watershed could explain this important shift. However, these results are related to the reliability of the low-flow data and to the anthropization of the Bani basin, which is probably underestimated as a non-exhaustive inventory of hydro-agricultural installations, which are shown in the basin. This could have an influence which has not yet been evaluated.
Key words  climate change; multiple-purpose projects; rainfall–runoff; West Africa
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A comparison of two conceptual models for the simulation of hydro-climatic variability over 50 years in a large Sudano-Sahelian catchment
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Abstract Environmental and climatic changes have occurred in western African regions over many decades. These changes, which are variable in space and time, can have lasting effects on water resources. Hydrological modelling can help to assess the impact of these changes by representing the processes governing the relationship between climatic data and river flow regimes. This paper compares two reservoir-based hydrological models (HydroStrahler and GR4J) operating on a daily time step. The models are tested over an approx. 50-year period in a large, poorly gauged Sudano-Sahelian catchment that has undergone significant hydro-climatic variability. A calibration/validation exercise is performed using lumped and semi-distributed approaches. The simulations are compared via a multicriteria analysis based on a variety of goodness-of-fit indices. Both models simulate the rainfall–runoff relationship over the catchment area with a fair degree of realism. Given the calibration strategy, the flood dynamics are better reproduced using the HydroStrahler model, while the GR4J model gives a more accurate estimate of cumulated discharge. The semi-distributed approach allows for a better representation of the hydrological processes within the watershed, which does not necessarily lead to improved outlet simulations compared to the lumped approach. A sensitivity analysis of the parameters also shows that equifinality problems are reduced when the calibration is considered within a multiobjective framework. Furthermore, the robustness of the simulations indicates that the models can be applied to various climatic conditions. The performance indexes prove satisfactory in validation periods containing either wet or dry spells. As a result, these models can be used to forecast future water availability using mid-term climatic scenarios in the basin.
Key words  rainfall–runoff modelling; hydro-climatic variability; hydrostrahler; GR4J; spatialization; sensitivity; 
River Bani
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Evolution des relations pluie-débit sur des bassins versants du Maroc
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Résumé L’objectif de cette étude est l’analyse des régimes hydroclimatiques sur 27 bassins marocains pour évaluer l’impact du changement climatique sur les ressources en eau. Grâce à la méthode du vecteur régional, on constitue 23 unités climatiques homogènes, sur plusieurs échelles spatiales emboîtées (micro, méso et macro), afin d’évaluer la représentativité et la persistance régionale des signaux climatiques. Dans les régions à l'ouest de l’Atlas les pluies sont corrélées avec l'Oscillation Nord Atlantique, notamment pour le cœur de la saison pluvieuse. La baisse des pluies est généralisée et soulignée par une rupture dans les séries chronologiques entre 1976 et 1980, excepté dans la région entre Rif et Méditerranée, où les pluies montrent une tendance à une hausse relative depuis les minimums des années 1980. Mais aucune tendance n’est détectée dans une majorité d’unités sahariennes. Les débits de la majorité des fleuves marocains diminuent à partir du début des années 1980: les dates de rupture pour les débits et les coefficients d’écoulements mensuels sont homogènes à celles des pluies, sur la période allant jusqu’en 1990. Ces dates de rupture ont été comparées aux dates de construction de grands barrages sans qu’un lien puisse être établi. Les stations choisies sont situées en général dans la moitié amont des bassins, et peu influencées par la construction de barrages. Elles constituent un jeu de données intéressant pour tester l’impact du changement climatique sur des régimes hydrologiques et donc pour connaître la variabilité de la ressource en eau qui serait disponible pour les aménagements en aval de ces stations.
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Evolution of rainfall–runoff relationships in 27 watersheds in Morocco

Abstract The objective of this study is the analysis of the hydrological regimes of 27 river basins in Morocco in order to assess the impact of climate change on water resources. We outline 23 units of homogeneous rainfall variability with the method of the regional vector over several nested spatial scales (micro, meso and macro), to assess the representativeness and persistence of regional signals. We observe that precipitations are correlated with the North Atlantic Oscillation West of the Atlas, especially for the heart of the rainy season. We provide evidence of a generalized rainfall reduction by an abrupt change in the time series between 1976 and 1980, except in the region between the Rif and the Mediterranean Sea, where rainfall shows a trend towards a relative increase since 1980. No trend was detected in many of the Saharan units. The discharges of most of the Moroccan rivers decrease from the early 1980s: the rupture years for discharges and monthly runoff coefficients are consistent with those of rain up to 1990. We found no relation between the dates of the construction of large dams and the rupture dates in time series of river discharges on the basins concerned. The selected stations are usually located in the upstream parts of the basins, and are not much influenced by the construction of dams. These data sets are interesting to test the impact of climate change on hydrological regimes of basins not influenced by dams, allowing study of the variability of water resources that would be available for development downstream of these stations in a context of climate change.
Key words  climate; hydrology; regional vector; ruptures; rainfall; discharges; Morocco
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Recent hydro-climatic trends in the arid northern-central Chile: assessing climate variability for policy makers
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Abstract Nival regimes, typical for arid mountainous areas, are highly dependent on precipitation and are strongly impacted by temperatures. Therefore, change detection in hydro-meteorological records is of considerable importance for water resources management and planning in these regions. This study focuses on the analysis of recent (1964–2006) non-parametric trends of seasonal precipitation, temperature and discharge records in “Norte Chico” (29°S to 32°S), Chile. A strong warming signal and an increase in precipitation associated with a shift of the rainy season have been observed over recent decades. However, precipitation trends over longer periods are not consistent with recent observations. Consequently, the regional discharge mainly dependent on snowmelt was found to be strongly impacted by changes in precipitation and temperature patterns. These changes underline the importance of flexible and adaptive measures. Hence, beyond offering one of the few contributions about climate trends with a focus on this part of the Andes, this work is also of practical use for local and national stakeholders.
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