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2nd Training of Cross Sectoral Stakeholder Group 
 

Transnational Decision Support 
Toolbox 



Managed Aquifer Recharge 

Webinar 23.09.2020 

Contact: 

Anne Imig (anne.imig@tum.de) 

Dr. Arno Rein (arno.rein@tum.de) 

1.771.535,00 

1.493.827,00 

05.2019 – 

04.2022 

Held in the 

framework of the 

DEEPWATER-CE 

Interreg Project 

about developing an 

integrated 

implementation 

framework for 

Managed Aquifer 

Recharge solutions to 

facilitate the 

protection of Central 

European water 

resources 

endangered by 

climate change and 

user conflict 

 

Location: 

ZOOM Conference 

Room  

https://tum-
conf.zoom.us/j/9734
9866167 
Meeting ID: 

973 4986 6167 

Password: 346397 

 

Time 

(UTC+2) 
Agenda 

13:30-

14:30 

Good Practice and 

Benchmark Analysis of MAR 

14:30-

15:00 Virtual Coffee Break  

15:00-

16:00 

Transnational Decision 

Support Toolbox for 

designating potential MAR 

locations in Central Europe 

Chair of Hydrogeology 

TUM Department of Civil, Geo and Environmental Engineering 

Technical University of Munich  

https://tum-conf.zoom.us/j/97349866167
https://tum-conf.zoom.us/j/97349866167
https://tum-conf.zoom.us/j/97349866167
https://tum-conf.zoom.us/j/97349866167
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Structure of the decision-support toolbox 

 

 
Climatological 

selection criteria 

Hydrogeological/

geological 

selection criteria 
  

Analysing 

sensitivity of 

MAR to climatic 

extremes  

Decision-support toolbox  
including checklists (sets of selection criteria)  

specific  to MAR types 

Maps of suitable areas for MAR 
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Selected MAR types for Toolbox  
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4-step procedure for MAR suitability 

not subject of this handbook 
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First step: Exposure to climate extremes (1) 

 

 

Investigation of the expected water demand due to climate change, based 

on climatological data and modelling for Central Europe.  

 

Key climatological parameters: 

 temperature  

 precipitation 

 potential evapotranspiration (PET) 

Based on these three parameters, the climatic water balance is determined, 

providing information about the water supply of the area. This is considered 

as the climate exposure indicator in the frame of this project.  

Based on the climatic water balance, four climate exposure categories — 

which are not MAR-specific — are defined to characterize the need for MAR 

systems.  
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First step: Exposure to climate extremes (2) 

 

 

Using climate modelling data, a set of maps for the periods of 2021–2050 and 

2071–2100 (compared to the reference period of 1971-2000) is created. 

 

Maps present the expected: 

 change of mean temperature 

 change of mean precipitation  

 change of mean potential evapotranspiration  

 resulting climate exposure  

 

From these maps, areas with a higher MAR potential, in terms of climate exposure, 

can be identified 

Maps for Central Europe; resolution: each grid point 12.5 km x 12.5 km (15128 grid 

points in total) 
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Applied climate simulations  

“relatively optimistic 

scenario” 

“relatively optimistic 

scenario” 

“pessimistic scenario” 

“pessimistic scenario” 
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Scoring scheme for climate exposure categorisation 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example:  
 

if at a grid point (12.5 km x 12.5 km) the 30-years average is < 25th percentile,  

4 points are assigned: this value is rather “exceptional” (relatively low probability) 
  

if at this grid point the difference value, indicating climatic change, is > 75th percentile,  

1 point is assigned: this value is rather “common” (relatively high probability) 
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Climate exposure categories with final score values  

 

 obtained by multiplying “30-years average score” by “difference score” 

In our example:  
 

we multiply the two scores from the previous slide: 4 x 1 = 4, 

so the final score is 4: this grid point is within the “slightly exposed” category 
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Climate exposure 2021-2050 
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Climate exposure 2071-2100 
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Map of Podunajska lowland, Slovakia 
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2071-2100 

General selection criteria – Climate exposure 

study area 
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2071-2100 

General selection criteria – Climate exposure 

study area 
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Second step: General screening with geological and 

hydrogeological selection criteria 

 

 
 Screening for a suitable geological and hydrogeological environment 

starts with an investigation area of country-wide or regional extent. 

 

 At this level, general geological and hydrogeological selection criteria 

for MAR suitability are defined and arranged in checklists.  

 

 Evaluation using these checklists results in maps identifying MAR-

suitable areas. 

 

 The maps help divide each MAR type into two categories:  

a)   suitable  

b)   unsuitable 
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Scheme for general and specific screening 
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General parameters 

The general parameters are MAR restriction parameters.  

 

By the mapping and spatial analysis of these parameters, the areas which 

are unsuitable for establishing the selected six MAR types (one by one) can 

be excluded on a country level.  

 

The resulting maps show unsuitable areas at a general level.  
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Parameters for selection criteria –  

General parameter set (1) 
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Parameters for selection criteria –  

General parameter set (2) 
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Selection of potential MAR locations in karst areas 

Methodologies for MAR suitability mapping in karst areas are based on:  

 geological and 

 hydrogeological selection criteria  

 

Significant discrepancies exist in the consideration of processing the 

geological and hydrogeological data, namely, their resolution and scale of 

mapping. It was found that pre-existing methods which are applicable in 

other geological environments are not suitable for karst environments.  

 

Due to the extreme complexity and heterogeneity of karst systems, 

extensive research is required to provide geological and hydrogeological 

parameters that can be considered adequate for suitability mapping.  
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Third step: Specific screening with geological 

and hydrogeological selection criteria 

 

 
 Suitable areas are further investigated with more specific selection criteria 

to characterize their actual suitability on a three-level scale (low, 

moderate, high), and to specify potential pilot areas for feasibility studies.  

 

 These pilot areas include potential MAR pilot sites.  

 

 In this step, relative weight of the selection criteria is also defined in the 

checklists to handle their uneven contribution to the final suitability. 
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Specific sets of geological and hydrogeological 

parameters for MAR suitability  

Specific parameters define MAR suitability  

 

• Based on these parameters we are able to examine to what extent the 

previously screened areas are suitable (high/moderate/low) for installing 

the six selected MAR types. 

 

 

 

 

 

 

 

• This screening for the suitable areas needs to be done separately for each 

MAR type.  
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 • The territories which are considered to be suitable on a general level (2nd 

step) are further sub-divided into smaller areas of high, moderate, and 

low suitability, using the specific selection criteria (3rd step).  

 

• This procedure aims at identifying areas that are most promising for the 

given MAR technology.  

 

• These specific-level studies can provide information to regional water 

management authorities and experts. 

 

• Since parameters have a different effect on suitability, a weight has to be 

assigned to each of them.  
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Multi Influencing Factor (MIF)  

MIF methodology is used for weighting: 

 It investigates the influence of each criterion to the others; based on the degree of 

correlation, a factor is assigned to each relationship.  

 A factor of 1 is assigned if the criterion has a major influence on the other one, 

factor of 0.5 if it has only a minor impact, factor 0 if it has no significant impact.  

 In general, determining the influences between parameter pairs is done based on 

professional experience (in the current project, by the respective experts within 

the project consortium).  

 Parameter ranges are defined and min and max values assigned to each of them. 

 The higher the suitability, the higher the value.  

 The final weight of a criterion is given by the sum of its multiplied suitability values 

divided by the sum of the multiplied suitability values for all criteria, expressed in 

percentage. 
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Set of specific geological and hydrogeological MAR suitability 

parameters 
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Specific geological and hydrogeological parameter set  

for MAR suitability 
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Fourth step: Feasibility study for selected 

pilot site(s) 

 

 
 

The feasibility of selected pilot site(s) for MAR-scheme implementation is 

investigated.  

 

Feasibility studies comprise: 

 

 Analysing the sensitivity of MAR-schemes to climate extremes  

 

 Setting up guidelines for assessing water demand and supply, before and 

after MAR implementation  

 

 Setting up guidelines for selecting suitable technical solutions and risk 

management techniques for MAR-schemes, including field measurements 

and monitoring   

 

 Setting up guidelines for performing cost-benefit analyses and defining 

the Central European regulatory framework for MAR-schemes 
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Sensitivity of MAR systems to  

climate-induced extreme situations  

 For analysing the sensitivity of MAR systems to extreme climate 

events, it is necessary to characterise the inputs, outputs, and 

interconnection among parameters.  

 Methodological approach using impact chains  

 next slide 
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Proposed methodology of analysing the sensitivity 

of MAR systems to climate-induced extreme events 
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Checklists  

 

 

• For each impact chain category, checklists are created for the six selected MAR types 

 

 

 

 

 

 

 

• The checklists comprise triggers of climate extremes that result in hazardous events 

(natural hazards and anthropogenic impacts, influenced by the surface and 

hydrogeological environment) and also aim at describing the final impacts on selected 

MAR schemes specifying precautions for MAR systems 

 

• The information provided in the checklists can be used by potential MAR users as a 

basis for developing thematic maps, databases, or models for MAR sites at the site-

specific level 

 

• The checklists can contribute to draft recommendations for the planning and 

implementation of future MAR systems 
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Overall checklist for analysing sensitivity of MAR to extreme events 
P: precipitation, GW: groundwater, SW: surface water; ET: Evapotranspiration 
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Could you please fill in the webinar 

questionnaire? 

 
https://forms.gle/DWNwGyUHy8wT4q7t6 

(link also provided in the webinar chat) 

 

Thank you ! 

https://forms.gle/DWNwGyUHy8wT4q7t6
https://forms.gle/DWNwGyUHy8wT4q7t6
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National training session on TOOLBOX, selection 

criteria and checklist for MAR location 

 

 

Thank you for your kind attention  
 

https://www.interreg-central.eu/Content.Node/DEEPWATER-CE.html 

 
anne.imig@tum.de 

arno.rein@tum.de  

https://www.interreg-central.eu/Content.Node/DEEPWATER-CE.html
https://www.interreg-central.eu/Content.Node/DEEPWATER-CE.html
https://www.interreg-central.eu/Content.Node/DEEPWATER-CE.html
https://www.interreg-central.eu/Content.Node/DEEPWATER-CE.html
https://www.interreg-central.eu/Content.Node/DEEPWATER-CE.html
https://www.interreg-central.eu/Content.Node/DEEPWATER-CE.html

