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Within the sustainable development framework (depicted by the 
Roadmap to a Resource Efficient Europe, 2011), efficient water 
management demands the involvement of all sectors, and must 
be integrated with management of other resources, such as 
energy, materials and land. 
 

Interrelated indicators are needed to assess socio-economic 
benefits and welfare, and impacts on the environment. Thus, 
modelling techniques are useful for systematically linking socio-
economic and biophysical drivers and trajectories. 

The water-energy nexus 

Water and resource-efficiency policy in Europe 



The linkage between water and energy is multi-faceted and, to be 
tackled within a sustainable framework, it entails a number of 
challenging considerations: 

• Need of quality/quantity indicators; 

• Interrelated factors are to be identified and assessed 
through an integrated analysis at different spatial and 
time scales (physical units/administrative boundaries); 

• Interlinkages among different sectors (on the side of 
both demand and supply). 
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The changes in the cover and use of the surface of the earth depend on 
natural processes, and are – at the same time - shaped by demographic, 
economic, cultural, political and technological drivers.  
 
A land-use/cover model can help understanding and interpreting the 
interactions between the bio-physical and human systems which are at the 
basis of the land dynamics. It can support explaining the consequences of 
“where” and “when” in addition to “what” and “how much”: 
 

• Evaluate direct and indirect effects of policies over time; 
• Determine the critical factors; 
• Correlate and interconnect sectors; 
• Compare and evaluate alternative options of development; 
• Locate impacts and effects (multi-scale analysis). 

The contribution of the LUMP 

Why Land Use Modelling? 



The contribution of the LUMP 
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Land-use based indicators: 
• Land-use maps 
• Change hotspots 
• Regional changes 
• Exposure to Climate Change driven 

events 

Thematic indicators: 
• Water Quantity - Availability 
• Water Demand - Use 
• Adaptation Measures 
• Land available for biomass supply 
• ... 

Policy-related suitabilities Location-specific suitabilities 
Demand 
scenario 

CAPRI GEM-E3 EUROPOP2010 RHOMOLO 

LUMP - Components and workflow 



The contribution of the LUMP 

Water Demand 
Total amount of water required per sector 

Water Use 
Net amount of water actually used 

Water Consumption 
Amount of water lost to evapotranspiration  

or converted into goods 

Water Availability 
Total amount of water available for use 

Water Withdrawal/Abstraction 
Total amount of water abstracted 

Return 
Polluted or unused water delivered back  

to the water cycle after treatment 

*NOTE: for the current maps we assume that:  

• Water demand ≤ availability, so that demand = withdrawal 
• There are no leakages, so that use = withdrawal 

Leakages/losses 
Total amount of water lost  

in transport/distribution  

LUMP + Proxy data Hydrology & Climate 

The water resource - Conceptual framework 



The contribution of the LUMP 

The water resource within LUMP’s workflow 
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Aim: To assess the potential hydropower generation in Europe, under 
given climatic scenarios and policy assumptions, thus 
contributing to evaluate climate change impacts on the energy 
production. 

 
Approach: Linkage of the Land Use Modelling Platform with the hydrological 

model LISFLOOD. 

Water for energy production 

The potential hydropower generation in Europe 



The dataset of hydropower plant locations was overlain on the water 
discharge maps calculated for the various climate scenario runs using the 
LISFLOOD model: 

͌Datasets containing location and installed capacity information for European 
power stations (1387): 
 

• Industrial Plant Database (IHS) and World Electric Power Plants Database (PLATTS) 
• The analysis was performed for two main types of hydropower stations: Run of river 

and Pumped storage/Reservoir 

͌Several Climate Change Scenarios are assessed. 

Water for energy production 

The methodology 



Water for energy production 

The methodology - Data 



͌ Average annual total discharges, summed at country level, for the period 
2006-2050: 

 
• The output of the analysis reflects the climate impact on water 

availability for hydropower production; 
• Assuming the developed hydropower (number and capacity of 

stations) to remain constant. 
 
͌ The output will be used to calculate a climatic factor that directly 

influences the predicted hydropower production 

Water for energy production 

The methodology – Output to the energy model 



Example of hydropower station 
Calculated discharges for Altenworth 
(Austria) under different climatic scenarios, 
for the year 2050. 

Water for energy production 

Example of climatic factor for a country 
Climate change impact on the hydro electricity 
produced, as % change in hydro electricity output, 
for the year 2050. 
(Source: IPTS/POLES) 

*NOTES: 
• The results hereby presented are provisional and entail the 

contribution of the run-of-river hydropower stations only 
(about 3/4 of the total). 

The methodology – Example of output 



...accordingly, the energy model POLES will re-compute the shares 
of power generation (electricity produced) by fuel: 

Water for energy production 

The methodology – Electricity produced by fuel 



Aim: To develop a spatially-resolved modelling approach to assess 
potential land and water use conflicts associated with shale gas 
development scenarios for member states, also considering 
environmental and socio-economic variables. 

 
Approach: To estimate the discrete and potential aggregate freshwater 

demands for shale gas extraction. 
 To assess the land-use requirements associated with the 

exploitation sites. 

Water for energy production 

Shale gas development in the EU 
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Interactions between land use and the water budget 
Towards sustainable water management 

Aim: To develop an integrated modelling framework hydrology - land 
use, which allows the analysis of their interactions. 

 
Objectives:  

• Analysis of the impacts of land use conversions on soil 
hydrological properties (affecting water availability); 

• Analysis of the impacts of land use conversions on the 
use/demand of water. 

 
Approach: Linkage of the Land Use Modelling Platform with the hydrological 

model LISFLOOD and with socio-economic proxy parameters. 



Towards sustainable water management 

EU-wide sectorial water withdrawal maps are produced for the reference 
year 2006, based on the disaggregation of EUROSTAT sectorial withdrawal 
statistics* to a 5x5km grid using proxy values for the following sectors: 
 

Public - Domestic 

Industry - Manufacturing, Electricity Production 

Agriculture - Irrigation, Livestock 

*OECD/EUROSTAT Joint Questionnaire on Inland Water  

 

Projected water withdrawal per sector can be derived combining available 
forecasts from sectorial models (e.g. macro-economic, demographic, etc.) and 
the projected land-use change maps from LUMP. 

Water demand and abstraction module 



Towards sustainable water management 

Source: JRC (2012). 

Annual average public water withdrawal Annual average industrial water withdrawal 

Annual average irrigation water withdrawal Annual average livestock water withdrawal 

Water Withdrawal maps 



Towards sustainable water management 

Water needed for cooling fossil plants can be estimated, as a first 
approximation, extracting all thermal combustion stations from the European 
Pollutant Release and Transfer Register (E-PRTR) dataset: 

Energy Water Withdrawal 



Towards sustainable water management 

The implementation of appropriate Natural Water Retention Measures 
(NWRMs) result in land use changes which can: 
 
•reduce surface runoff following rainfall events, thus reducing flood risk; 
•reduce erosion & leaching, increase groundwater recharge, regulate 
climate, etc. (secondary effects/benefits). 
 
We aim to model the impacts of natural water retention measures using a 
hydrological model while taking land use changes and the related changes in 
physical and hydrological soil properties into account. 
 

Note 
The overall approach and the provisional results will be presented in the 
Session Nature works for us… water and Green Infrastructure by Peter Burek. 

Water quantity management 
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• Assessing different resources in a systematic way is crucial in order to fully 
address resource efficiency under all its aspects, as trade-offs between 
different resources (e.g. water, land and energy) may sometimes lead to 
counter-intuitive results;  

• Climate Change is likely to exacerbate these kinds of trade-offs, particularly 
between water and energy, as well as making more evident regional 
differences in impacts; 

• The European Commission is working hard towards jointly assessing 
impacts on many resources: integrated modelling can support the 
European Commission with a valuable contribution, especially as it provides 
spatially explicit analysis. 

 

Provisional conclusions and way forward 
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Thank you! 


