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Transfer Function Noise (TFN) Modelling

ÅModelling andforecastingkarstsystemspringdischargestill posesa challenge
ÅDistributed modellingapproachesoften sufferfrom insufficiently availabledata
ÅLumpedparametermodelsoften do not reflect physicalsystemunderstanding
ĄDevelopmentof a conceptually and (partially) physically interpretable data-

drivenmodel

Dimensionality Reduction (DR)

ÅDifficultiesin physicalmodel interpretability posechallengesregardingmodel
calibrationandverification of parameters

ÅActive subspaces(AS,linear DR)offer the possibility of studying the model
input-output map from the parameterspaceto a scalarmodeloutput, revealing
important directionsin the parameterspaceto reducethe dimensionality

ĄInvestigationof parameterandprocessrelationshipsin the ASframework

The suitability of the combined methods of TFN modelling and DRis systematically evaluated w.r.t. the capability of simulating karst system spring discharge
and the assessment of parameter and process relationships.

Fig. 1: Complete Workflow Applied for
SyntheticSys. & MilandreKarstSystem

Considered Systems

ÅMilandre KarstSystem,heavilystudied,subjectto KarstModellingChallenge(KMC)Ą
comparisonof TFNmodelwith other approaches

ÅThreesyntheticsystemsreactingon different time scales(MODFLOW+ CFP+ recharge
model(RM,Fig. 2))

Fig. 2: Non-Linear RechargeModel ς
AdaptedAfter Collenteuret al. (2021)

Setup of the Combined TFN modelling and DR approach

ÅTFNmodeltestedwith different responsefunctionandrechargemodelcombinations
ÅResidualsaremodelledwith anAR(1) noisemodelĄmorerobustparameterinference
ÅModel calibrationwith a least-squaressolverĄ residuals/ noiseminimized
ÅParameterspaceexplorationwith MarkovchainMonte Carlo(MCMC),computationof

modeloutput (linearizedNSE-criterion)gradientsw.r.t. parameters

TFN Modelling

ÅNon-linear RM needed for satisfactory fit and
preservationof systemcharacteristics(Fig. 3)

ÅRMcompensatesfor systemnon-linearity
Åmodelled processes may not be physically

measurable
ÅApproach outperformed 11 out of 13 other

modelsin the KMC(seeJeanninet al. (2021))
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TFN Modelling

ÅSystemnon-linearity gets representedas part of rechargeprocessĄ difficult
physicalinterpretability

ÅTFNmodelperformedverygoodcomparedto other approachesof the KMC
ÅApproachissuitablefor representationof karstsystemspringdischarge

Dimensionality Reduction

ÅProcessand parameter relationships could be revealed to characterizethe
modellingframeworkandthe studiedsystem

ÅLowerdimensionalstructuresalwaysidentifiedĄ beneficialfor subsequentuse
(surrogatemodels,parameterinferencein low-dimensionalsettingetc.)

Dimensionality Reduction

ÅSensitivity (Fig. 5) of diffuse response shape
parameters reflects real system functioning
(mainlydiffuserechargefor Milandre)

Å2 active dimensions / linear combinations
identified (from 13originalparameters)

ÅClear two-dimensional relationship between
parameterspaceandmodeloutput (Fig. 4)

Fig. 3: Observed and Simulated Spring Discharge,Autocorrelation (ACF) and Cross-
Correlation(CCF)Functionsfor the MilandreKarstSystem

Fig. 5: NormalizedParameterSensitivitiesin the Full Input
Spaceandin the ActiveSubspace

Fig. 4: 1D and 2D SufficientSummaryPlotsRepresentingthe ParameterSamplesin
the ActiveSubspaceand Relationshipswith the Model Output; Colorson the Main
DiagonalRepresentPointDensity
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