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Approach, Motivation and Aim

Modelling and forecasting of karst system
spring discharge still poses a challenge

Distributed modelling approaches often
suffer from insufficiently available data

Lumped parameter models often do not
reflect physical system understanding
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Conceptually and (partially) physically
interpretable data-driven model
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Milandre Karst System
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Rauracian Limestone overlying Oxfordian Marls
Catchment area approx. 13 km?

Two perennial springs (Font, Saivu)

One overflow-spring (Bame)

Autogenic, diffuse recharge regime

Heavily studied and subject to the Karst
Modelling Challenge (Jeannin et al., 2021)
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Methodology

Transfer /
Response

/ Problem: Functions

Noise
Modelling

Non-Linear Two-Component
Recharge Model

Dimensionality Reduction
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Methodology
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Methodology

RM based on FlexModel introduced by
Collenteur et al. (2021)
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Methodology

Transfer/ Noise
Response :
e Problem: ) Functions Modelling

Modelling Karst
System Spring
Discharge

N J

Non-Linear Two-Component
Recharge Model 4 N

» |dentify presence of lower
dimensional structure in
model input-output map

o Surrogate model

o Find important (linear)

parameter combinations

Dimensionality Reduction
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General Results

ﬂ\lo Recharge Model / Lineah
Recharge Model

System characteristics poorly

k represented /
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General Results

ﬂ\lo Recharge Model / Lineaﬁ
Recharge Model

Better fit with increasing response
function complexity

System characteristics poorly System characteristics were
represented j represented well
J
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General Results

ﬂ\lo Recharge Model / Linear\

Recharge Model

Better fit with increasing response

function complexity

System characteristics poorly

ﬂ\lon-Linear One Componenh

Recharge Model (Diffuse)
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Non-Linear Two Component
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System characteristics were
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Discharge [10°L/d]

Results - Milandre Karst System
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Results - Milandre Karst System
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Results - Milandre Karst System
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Results - Comparison to Other Modelling Approaches (KMC)

KGE VCC
BRGM France Gardenia 0.83 0.854
Uni-Freiburg Varkarst 0.80 0.85
This Study TFN Model / Pastas 0.76 0.89
IMT Mines-Ales ANN / rec_MLP 0.72 0.84 0.61 ~T1day 0.75
SISKA-Switzerland KRM_1 0.71 0.78 0.63 ~1day 0.72
IGME Madrid KarstFLOW 0.71 0.78 0.63 3 days 0.72
[ Fitevaluated fora TCD Dublin Infoworks 070 | 082 | 0.58 |2-5days| 0.72
Va"dati?n periOd not KIT-Karlsruhe CNN 0.69 0.87 0.40 ~1day 0.71
available for
L calibration! ) KIT-Karlsruhe NARX 0.68 090 | 0.35 | =~1day | 0.70
SNO KARST KarstMod
TU-Dresden CFP-modified
TU-Freiberg RCD-Seasonal
Uni-Zurich CHLEM
KIT-Karlsruhe LSTM
Color
Rating Very Good Good Fair Medium Low
e R St e N TR @,

GOTHENBURG

Max Gustav Rudolph



Results - Parameter Sensitivities (Active Subspaces)

Normalized Parameter Sensitivities
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Results - Linear Combinations (Active Subspaces)

Eigenvector 0

Eigenvector 1
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Results - Sufficient Summary Plots (Active Subspaces)

Linear Dimension Reduction - 1D and 2D Sufficient Summary Plots
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Summary

- Recharge process representation is highly important and sensitive
« Non-linear recharge model compensates for karst system non-linearity

« Method is generally suitable

« Model outperformed most other approaches in the Karst M.odelling Challenge
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Thank You For Your Attention!

Contact:

max_gustav.rudolph@tu-dresden.de

Python Pastas
« programming language « open source TFN-model for Python

« available on GitHub

@ python’ E8lag

N —

N I sci [ tlib | pandas
N:: NumPy | | SciPy matpltii I'i P
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