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Karstified carbonate rocks: 21.6 % of the European land surface

Essential for the freshwater supply of most Mediterranean countries

ĄHydrogeological understanding

ĄSustainable management

ĄDevelopment of modelling tools
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KARMA Project Karst Aquifer Resources 
availability and quality in 
the Mediterranean Area
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Study area: Hochifen-Gottesacker
primary catchment of

Aubach Spring

Goldscheider
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Study area: Hochifen-Gottesacker

Modified by Goldscheider after Wagner (1950)

Blue = Cretaceous karst 

limestone, 100 m thick

Synclines form individual sub-catchments

Goldscheider, 2005
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ANN Model + Data

Sequence(s) of 

Input Values

Single Q Value / 

Sequence of Q Values

1D-CNN

Training and Optimization Testing (Prediction)Evaluation:

Deep Learning Technique: Convolutional Neural Networks1 (CNNs)

Fast and reliable for GWL prediction²

Model ensemble + Probabilistic approach (Monte Carlo dropout) Ą model uncertainty

8 years of hourly data between 2012 and 2020

1LeCun et al., 2015
2Wunsch et al., 2021:

2012-2019 2020

(climate variables)
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Results 1: Simple Simulation

NSE: 0.78

R²: 0.78

Bias: -0.10

RMSE: 0.58

Input Data: 
(P, T, Tsinus ) x 3 
climate stations

already quite
satisfying results
despite potentially
large input errors

strong snowmelt influence (increasing baseflow, daily variations)
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Results 2: Snow Routine Coupling

NSE: 0.80

R²: 0.79

Bias: -0.05

RMSE: 0.56

Coupling with HBV 
Snow Routine

Ą additional input: 
WLSR
(Ăwater left snow routineñ)

Only slight
improvement

ĄANN model captures
relationships already
from original data


