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GLOBAQUA Final Publishable summary report 
 
Executive summary 
 

WP1 (Data management) was focused on  (a) the creation of a Data Base accessible by internet to the 
consortium to gather the experimental data generated within the project; (b) the provision of relevant historical 
data regarding climate, hydrology (quality and quantity) and geomorphology required by the concerned WPs 
to identify relevant multi-stressors situations across study sites and (c)  the implementation of an interactive 
internet platform (Water-Hub) facilitating the connection to existing sources of information of potential 
relevance to GLOBAQUA. 

WP2 (Climate and socio-economic scenarios) provides other GLOBAQUA modelling groups with data for 
scenario analyses. WP2 processed climate projections for all the GARBs at a high spatial resolution. Spatially 
distributed maps of future land and water uses were simulated for two opposed scenarios, the economy 
friendly MYOPIC and the SUSTAINABLE scenario, for which modeling information such as water demand 
and agricultural practices was elaborated. Existing Programmes of Measures were adapted to fit them.  

WP3 (Hydrological analysis) assessed the impact of hydrological and anthropogenic stressors on both water 
availability and quality at four selected European river basins. Analysis was conducted with reference to 
historical and future scenarios by employing a suite of response models to simulate the relationship between 
the observed changes and the pressures identified for each case study. Alterations of water quality and 
quantity together with their trends have been evidenced.   

WP4 (Geomorphological analysis): Suspended sediments represent an integral signal of sediments transported 
in a river system. Particle-related pollutant concentrations of many hydrophobic organic contaminants as well 
as some metals in river basins could be linked – on a very general level – to land-use (urban/industrial), 
hydrology (sediment flux, return periods of events), or to re-mobilisation of legacy contamination. Metal 
concentrations, however, often mainly display geogenic background. River basins with low sediment yields 
are more vulnerable with respect to increased concentrations of particle related pollutants.  

WP5 (Chemical stressors analysis): The results demonstrated that variable environmental conditions have 
significant influence on the fate and behaviour of inorganic and organic micro-contaminants in the 
GLOBAQUA river basins. Contaminants associated with the particulate and organic matter were significantly 
increased after flood events, while under drought conditions, higher environmental burden of dissolved and 
nano-sized contaminants was observed. 

WP6 (Biological quality under multiple stressors): Species provide different roles for the functioning of the 
ecosystem. Ecosystems that are richer in species have more alternative ways to maintain the ecosystem 
stability under a perturbation. WP6 objectives directly address biodiversity-stressor relationships, evaluating 
effects and providing response models. Biodiversity mainly responds to hydromorphological changes and 
pollution and the intensity of the effects depends on local characteristics. Management and policy 
recommendations should adapt to local conditions. 

WP7 (Ecosystem stressors analysis): Ecosystem processes (e.g. nutrient retention, metabolism, organic matter 
breakdown) are good indicators of the response of river ecosystem health to multiple environmental stressors 
(e.g. water scarcity, chemical pollution, hydromorphological alterations). However, these functional variables 
are rarely used, and their response to stressors is complex and can vary depending on the function considered. 
Findings and tools developed in WP7 are highly valuable for an integrated management of rivers that 
considers both structure and functioning. 

WP8 (Integrated modelling for ecosystem services): Global Change will impact freshwater-related ecosystem 
services, especially in Mediterranean river basins. Water provisioning can decrease up to 30-40% in the next 2 
decades unless mitigation measures are implemented. The impact of Global Change on nutrient loads will be 
partly attenuated by the regulating service water purification, which is expected to increase between 4 and 
20% in European river basins. 
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WP9 (Methodology for socioeconomic management): This WP identified the costs and benefits related to the 
use of water, developed the methodology for assessing the value of goods and services provided by water 
ecosystems and for an integrated sustainable management of water resources, built and quantified different 
socio-economic scenarios with regards to GARBS ecosystems, assessed the recovery of water use costs and 
the measures put forward to address total costs of water use and proposed a set of socio-economic tools for 
achieving sustainable management of water resources. The output and deliverables of this WP corresponded 
directly to WFD’s Article 5 and 9 and Annex III. 

WP10 (Economic valuation of ecosystem services): The survey revealed that the most important ecosystem 
services are drinking and irrigation water resources, nature and biodiversity. Citizens perceive many different 
pressures to be negatively affecting ecosystem services. Most citizens support the proposed protection 
measures except for the construction of dams.  

WP11 (Integrated model framework): We propose a framework supporting river basin management including 
quantified indicators and an optimization tool to provide the Water Framework Directive with a solid 
analytical basis (assessment of pressures and impacts, and reliable assessment of status of water bodies) to 
identify the most cost-effective combination of measures to achieve the objectives, to justify exemptions, and 
to plan effective investments.  

WP12 (Water management policy): Policy analysis identified how current EU water policy account for 
multiple pressures and water scarcity. The analysis of the WFD implementation showed the need for the 
improvements in water management and policies and informed GLOBAQUA research. Barriers and 
constraints were investigated at multiple levels. Recommendations were delivered: A) for the adaptation of 
EU water policies; B) ways to improve management; C) for bridging the gap between scientific disciplines 
and the science-policy gap. 

WP13 (Dissemination): To ensure dissemination of the results and to create interest and to raise awareness 
among relevant stakeholders, several activities were developed considering different types of target audience. 
In particular: 1 project website, 10 newsletters, 5 factsheets, 11 press release, 6 videos, 3 workshops 3 
conferences, 6 training courses and 1 e-learning course. Results were included in 200 scientific papers and 
presented at relevant conferences through 256 oral and 99 poster presentations. 
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and Evrotas catchments, where a small but consistent reduction in precipitation is evident (about 10% in 2035-
2060), while a more pronounced reduction in precipitation is simulated towards the end of the century (about 
20% in 2071-2100). For the Adige and Sava catchments there are larger uncertainties in projected changes of 
precipitation. Slightly wetter conditions are projected over the entire basins for the horizon 2050 (up to 5%), 
The hydrological consequences (total runoff) of projected climate changes in temperature and precipitation 
mainly follow the conclusions stated above for precipitation. A decrease in runoff for Ebro and Evrotas is 
evident for the 2050 horizon and becomes stronger towards the end of the century. These changes point 
towards possible future challenges on water resources and possibly a risk of further water scarcity and 
increased droughts in these basins. In the Adige and Sava basins, in contrast, a weak increase in total runoff is 
evident for the 2050 horizon. 

2.2. Programmes of Measures (PoMs) and socio-economic scenarios 

Socio-economic scenarios for GLOBAQUA were developed based on the Shared-Socio-economic Pathways 
(SSPs) which were linked to Representative Concentration Pathways (RCPs), both promoted by the 
Intergovernmental Panel on Climate Change. This resulted in two scenarios, MYOPIC (RCP 8.5 - SSP5) and 
SUSTAINABLE (RCP 4.5 - SSP1) used to explore different futures. 

There is still a marked gap in terms of linking the PoMs with the identified pressures in the River Basin 
Management Plans (RBMPs). There is also a marked lack of consistency in the presentation of the PoMs 
across the different RBMPs, with some providing very little detail with regards to specific measures, while 
others include scope and location of the various measures. The outlook of the economic measures for water 
management in the SUSTAINABLE scenario is positive. In the MYOPIC scenario this outlook is moderately 
negative.  

2.3. Land and water use scenarios 

The climate and socio-economic scenarios were incorporated in the land use simulations as well as the results 
from local stakeholder workshops. The intensification of agriculture is foreseen in the MYOPIC scenario 
across all the GARBs. In the Ebro, there is a dramatic shift from non-irrigated to irrigated agriculture while 
the SUSTAINABLE scenario shows a decrease in both classes. In the Adige, non-irrigated agriculture grows 
in the SUSTAINABLE scenario as formerly abandoned farmlands are reactivated. In the Sava, non-irrigated 
agriculture is expected to grow in both scenarios, especially in the MYOPIC one. Forest and shrub cover are 
expected to increase in all GARBs for the SUSTAINABLE and decrease in the MYOPIC scenario.  

The final land use maps were further used to obtain future water use maps for the two scenarios by combining 
them with RBMP statistics and adapting them to the prior defined scenario specific changes in water use in a 
GARB. The total water consumption generally increases for the MYOPIC while it shrinks for the 
SUSTAINABLE scenario. Still, the water use efficiency increases in both scenarios, which means that less 
water per area is used. For the Adige, Ebro and Evrotas, the largest amount of water is consumed for 
irrigation. The 30% rise in the MYOPIC scenario in the Ebro is based on the changes reported in the RBMP 
2015-2021, which expects an increase of 27.5% of water used for irrigation until the year 2033. 

3. WP3: Hydrological analysis (HYDROL) 

WP3 analyzed hydrological and water quality alterations in four European rivers with different characteristics, 
such as to cover Mediterranean, Alpine and continental climates. The evolution in time of hydrological and 
water quality alterations has been studied by means of an in deep analysis of recorded data and future 
scenarios, developed within the WP2, have been used to project these changes in the future period 2036-2065. 
Main results can be summarized as follows. 

3.1. Water quality alterations 

Trends in water quality parameters of Ebro, Sava and Adige, three rivers with different hydro-climatic and 
socio-economical conditions, have been linked to the main drivers of change. Dissolved oxygen was observed 
to reduce in all the rivers in the period 1990-2015 and this is partially due to the rise of water temperature 
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induced by the contemporaneous rise of air temperature. Ebro showed an increase of chloride concentration 
and electrical conductivity, most likely due to streamflow reduction.  Increase in population was identified as 
the major cause of the increase of chloride concentration and Biological Oxygen Demand (BOD) in the Adige 
and Sava rivers, and of phosphates in the Adige river, whereas phosphates in the Sava and BOD in the Ebro 
were found to be highly correlated with agricultural land use. 

GREEN model has been implemented to perform annual Total Nitrogen (TN) and Total Phosphorus (TP) 
export scenarios under future climatic and land use scenarios in the Adige, Ebro, Sava and Evrotas river 
basins. Two-land use change scenarios were adopted (one identified as myopic,  i.e., “business-as-usual”, and 
one identified as  sustainable). The scenarios averaged a 30-year time window projection (2036-2065). The 
myopic scenario lead to an increase of TN and TP exports in all basins except for the Evrotas where drastic 
reductions in rainfall patterns leads to a projected increase of nutrient retention. Meanwhile the sustainable 
scenario does non show significant changes in the Adige and Evrotas, and to a reduction of TN and TP esports 
in the Ebro main stem. Finally, for Sava, both the myopic and the sustainable scenarios suggested a slight NT 
and TP annual export increase. 

3.2. Streamflow alterations 

Time series analyses performed during the period 1971-2010 showed substantial changes of streamflow 
especially in the Ebro, which suggests that this semi-arid river basin is at risk of severe water scarcity due to 
changing climate. In contrast, the results of the trend analyses do not point to diminishing water resources in 
the alpine Adige. With an alpine flow regime in its upper course, turning to a continental one, in its middle 
and lower course, the Save river shows characteristics similar to both the Adige and Ebro. Overall, these 
findings suggest that Mediterranean catchments are prone to a drier climate and declining water resources 
apart from the alpine catchments in the north of the Mediterranean region, where evaporative losses due to 
higher temperatures are less severe and might be counterbalanced by increased precipitations. 

Future projections of streamflow alterations were generated by using a set of calibrated hydrological models 
coupled with 6 future climate scenarios for the meteorological forcing during the period 2041-2070. These 
scenarios are the combination of three Regional Climatic Models (RCMs) and two greenhouse gas 
concentration trajectories (Representative Concentration Pathways: RCP4.5 and RCP8.5). In the Adige all 
scenarios projected a minor streamflow increase in the winter months and a sensible reduction in summer. In 
the Ebro basin, the scenario outputs changed slightly in function of the selected RCM, and all scenarios 
resulted in a significant streamflow reduction (up to 75% for annual mean flow). Similar results have been 
obtained for the Sava, with a 50% reduction of the mean streamflow. Although projections are affected by 
uncertainty their value is large enough to conclude that, according to the climate scenarios, these river basins 
will be affected in the future by streamflow reductions. 

3.3. Hyporheic exchange 

The analysis of hyporheic exchanges evidenced that the hyporheic zone plays an important role in 
denitrification, removal and transformation of contaminants in general. In particular, the analysis showed that 
hyporheic zone plays an important role in controlling N2O emissions from rivers, which are a significant 
portion of the global emissions of this important greenhouse gas, with a greenhouse effect 300 time larger 
than that of CO2. 

4. WP4: Geomorphological analysis (GEOMORPH) 

4.1: Sediment fluxes, sediment yield & river/sediment morphology 

Sediment yields may be estimated from empirically based equations - calibrated by measurements of sediment 
transport, e.g. using turbidity probes or by measurement of the sediment mass retained within reservoirs 
(demonstrated in Ebro/sub-catchments). Sediment yields may also be calculated based on erosion models (soil 
loss, see Figure 1) coupled to estimates of the sediment delivery ratio - calibrated based on on-line turbidity 
measurements (demonstrated for catchments in Germany; not suited for catchments where reservoirs are 
present).  


































