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ABSTRACT: Low river flows and droughts are increasingly being 

observed over the last decades in Europe. Moreover, in vast areas drought 

will likely increase due to climate change? The increasing trends to more 

severe drought are explained in the context of growing water scarcity that 

also is reported in many European regions. Water scarcity often enhances 

drought impacts. First, trends in historic European drought events are 

discussed. Then understanding of transformation of meteorological drought 

into soil moisture and hydrological drought (groundwater, streamflow), 

which is called drought propagation, is described. Knowledge on drought 

propagation is essential for water resources management. Water scarcity in 

Europe and its spatial distribution is touched upon, incl. an observational-

modelling framework that is being proposed to distinguish between water 

scarcity and drought. We conclude with an assessment of future drought and 

water scarcity due to global change and implication of the use of modeling 

chain approaches, incl. uncertainty.  

 

Keywords: trends, drought propagation, observation, modeling approach, 

water management. 

 

RÉSUMÉ : Au cours des dernières décennies, on a observé de plus en plus 

d’étiages et de sécheresses en Europe. On s’attend en outre à 

l’accroissement de sécheresses de grande ampleur en raison du changement 

climatique. On expliquera les tendances à des sécheresses plus sévères dans 

un contexte de raréfaction de l’eau qui se manifeste dans de nombreuses 

régions européennes. La rareté de l’eau aggrave souvent les impacts des 

sécheresses. En premier lieu, nous discuterons des tendances dans 

l’historique des sécheresses en Europe.  On décrira ensuite la transformation 

de la sécheresse météorologique en sécheresse pédologique puis 

hydrologique (eaux souterraines, cours d’eau), appelée propagation de la 
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sécheresse. La connaissance de la propagation de la sécheresse est 

essentielle pour la gestion des ressources en eau. Nous aborderons le 

problème de la rareté de l’eau en Europe et de sa distribution spatiale, y 

compris un cadre d’observation et de modélisation proposé pour distinguer 

rareté de l’eau et sécheresse. Nous conclurons par une estimation de la 

sécheresse et de la rareté de l’eau futures en raison du changement 

climatique et ce qu’elle implique sur l’utilisation de chaînes de modèles en 

particulier en ce qui concerne l’incertitude. 

 

Mots clés: tendances, propagation de la sécheresse, approche d’observation 

et de modélisation, gestion de l’eau 

 

INTRODUCTION 

Low river flows and droughts are increasingly being observed over the 

last decades in several European countries. Moreover, in vast areas drought 

will likely increase due to climate change (Seneviratne [HvL1]et al, 2012). 

The increasing trend to more severe drought goes along with growing water 

scarcity that also is reported in many European regions (EEA, 2012). First, 

trends in historic European drought are dealt with and to what extend these 

were captured by large-scale models, which is paramount knowledge for 

drought projection for the near and far future. Understanding of 

transformation of meteorological drought into soil moisture and 

hydrological drought (groundwater, streamflow), which is called drought 

propagation, is essential for adequate water resources management. Water 

scarcity in Europe is discussed, incl. an observational-modelling framework 

to distinguish between water scarcity and drought. The paper concludes with 

an assessment of future drought and water scarcity due to global change and 

implication of the use of modeling chain approaches, incl. uncertainty.  

 

 

PAST DROUGHTS AND WATER SCARCITY 

Trends in historic hydrological droughts in Europe 

        Low river flows and droughts are increasingly being observed, for 

instance, France (Renard and al, 2008), Switzerland (Birsan et al, 2005), 

Slovakia (Demeterova and Skoda, 2009) and Spain (Morán-Tejeda et al., 

2010). These national trend studies hamper consistency in the changes 

detected in streamflow, because of the trend detection method and the time 

period chosen. As a response to this Stahl et al. (2011), carried out a 

consistent pan-European trend study to determine change in observed 

streamflow. They used a consolidated dataset of near-natural streamflow 
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records from 441 small catchments in 15 countries across Europe. Their 

study showed a coherent picture of changes in annual streamflow with 

drying trends in southern and eastern regions, and generally wetting trends 

elsewhere. These results were confirmed by a recent study for the EU-FP7 

DROUGHT-R&SPI project
1
 (Alderlieste and Van Lanen, 2012)(Fig. 1, 

left). Trends in monthly streamflow for the summer period are, however, 

negative, implying drying trends, for large parts of Europe. The maximum 

extent of drying was found for August (Stahl et al., 2011). Alderlieste and 

Van Lanen (2012)(Fig. 1, right) obtained a similar regional picture for 

drought intensity (deficit volume / duration).  

 

  
       Fig. 1.Trends in mean annual flow (left) and drought intensity (right) 

over the period 1963-2001, derived from the simulated multi-

model mean daily total runoff simulated by nine large-scale 

hydrological models
2
. Red indicates dryer conditions, blue 

indicates wetter conditions. 

 

Both Stahl et al. (2012) and Alderlieste and Van Lanen (2012) 

investigated the uncertainty in the trends using runoff simulated by a suite 

of large-scale models. They studied the spread among the models and the 

modeled runoff against observed streamflow. They concluded that the use of 

simulated runoff to determine trends in low flows and drought should be 

viewed with caution due to the substantial uncertainty. This need to be 

considered when these models are used for the assessment of future drought. 

 

 

Drought propagation 

When trends in droughts are studied, it is relevant to distinguish 

                                                 
1
 DROUGHT-R&SPI (Fostering European Drought Research and Science-Policy 

Interfacing, www.eu-drought.org/). 
2
 Model outcome is available through the EU-FP6 project WATCH (WATer and global 

CHange, www.eu-watch.org/). 
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between the different types of drought, i.e. meteorological drought (e.g. 

precipitation), soil moisture drought and hydrological drought (groundwater, 

streamflow). Although meteorological drought (e.g. Standard Precipitation 

Index, SPI) and soil moisture drought (e.g. Palmer Drought Severity Index, 

PDSI) trigger hydrological drought, these are not good metrics for 

hydrological drought, the latter is of paramount importance for water 

resources management.  

 

 
Fig. 2.  Probability field of drought duration and deficit volume in 

precipitation, soil moisture and discharge for the temperate 

climate (C-climate) reflecting drought propagation. 

 

Tijdeman et al. (2012) show for the temperate climate (C-climate, 

Koeppen-Geiger) that the bivariate probability field of drought duration and 

deficit volume in discharge (hydrological drought) clearly differs from those 

of precipitation and soil moisture (Fig. 2). This difference is caused by 

drought propagation, which leads to lengthening, lagging, attenuating and 

pooling of meteorological drought. Tijdeman et al. (2012) demonstrate that 

the propagation depends on climate characteristics and Van Lanen et al. 

(2013) discuss the role of soils and aquifers.  

 

Current water scarcity 

Water scarcity usually is characterized through a relatively 

straightforward indicator, i.e. the water exploitation index (WEI), which is 

calculated annually as the ratio of total freshwater abstraction to the total 

renewable resource. A WEI > 20 % means that a water resource is under 

stress and values >40 % indicate severe water stress, which reflects 

unsustainable use of the water resource (EEA, 2009). The EEA study shows 

that Cyprus (45%) and Bulgaria (38%) have the highest WEI scores in 

Europe, with high values also apparent for Italy and Spain. National 
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estimates, however, do not reflect the extent and severity of water scarcity at 

the river basin scale. For example, while Spain's national WEI is 

approximately 34%, the southern river basins of Andalusia and Segura have 

extremely high WEIs that exceed 100%. Some river basins in Portugal also 

suffer from severe water stress.  

Drought and water scarcity are fundamentally different (natural versus 

human-induced causes), nevertheless water management should realize that 

they are closely linked and careful attention needs to be paid to the complex 

interrelationships, incl. the feedbacks between these two phenomena. Van 

Loon and Van Lanen (2013) propose an observation-modeling framework to 

separate drought and water scarcity effects on the hydrological system. The 

basis of the framework is simulation of the situation that would have 

occurred without human influence, the `naturalized' situation, using a 

hydrological model, which is complemented with analysis of anomalies. 

Application of the framework illustrates that the impact of groundwater 

abstraction on the hydrological system was, on average, four times as high 

as the impact of drought for the Upper-Guadiana basin, Spain.  

 

 

FUTURE DROUGHTS AND WATER SCARCITY 

Future hydrological droughts 

Most assessments of 21
st
 century droughts address meteorological or 

soil moisture droughts (e.g. Sheffield and Wood, 2008; Dai, 2012), which 

are a first step for hydrological drought projections. Feyen and Dankers 

(2009) investigated the impact of climate change (A2 scenario) on 

streamflow drought in Europe. They used a large-scale hydrological model 

driven by high-resolution regional climate model. They project for the 

nonfrost season that hydrological drought in 2071-2100 will become more 

severe and persistent in most parts of Europe. Corzo-Perez et al. (2011) 

analysed future hydrological drought on a global scale for two time domains 

(2021-2050 and 2071-2100), two emission scenarios (A2 and B1), three 

downscaled and bias-corrected GCMs, and 5 large-scale hydrological 

models. The number and spatial distribution of drought events did not 

clearly show a consistent change. Similar to Corzo-Perez et al. (2011), 

Alderlieste and Van Lanen (2013) explored future hydrological drought in 

selected case study areas in Europe (Fig. 3). 
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Fig. 3. Median annual 7-day minimum flow MA(7) as simulated with 3  

           GCMs (CNRM, ECHAM5, IPSL). Model performance: difference in 

the AM(7) of the 3 GCMs forcing against a re-analysis dataset 

forcing (1971-2000), and change in AM(7) relative to the control 

period (1971-2000) in the near future (2021-2050) and far future 

(2071-2100) for two emission scenarios (A2 and B1). 

 

The future annual minimum flow (AM(7)) will decrease (15-75%) 

according to a conceptual hydrological model that was forced with the 

climate output from three GCMs and two emission scenarios. However, 

differences between the models are substantial. Moreover, performance of 

some models is limited. For example, the AM(7) derived from the discharge 

simulated with the conceptual hydrological model forced with CNRM 

deviates more than 100% with the AM(7) obtained with the same model 

forced with a re-analysis dataset (WATCH Forcing Data). The limited 

number of global studies on future hydrological drought and the differences 

in model outcome still make projections uncertain. 

 

WATER SCARCITY PROJECTIONS 

Impacts of water scarcity are expected to increase in the next 

decades. The likely future occurrence of water scarcity, however, largely 

depends on meteorological conditions, and socio-economic and 

environmental developments. Given the results of different scenarios, social 

systems and future policies will alter the natural impacts projected by the 

climate scenarios. Outcome suggests that water abstractions are expected to 

increase in Europe by 2050 under the Economy First scenario, except for 

river basins in Denmark, the Iberian Peninsula, Italy, Greece, Cyprus, and 

Turkey, while for the Sustainability Eventually scenario simulated total 

water abstractions will decrease by over 25% for the whole of Europe, 

because of more efficient water use and conservation (Flörke et al., 2011; 

Kossida et al., 2012). 
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