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LARSIM Python Wrapper & Data Analysis
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LARSIM Python Wrapper & Data Analysis I
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LARSIM Python Wrapper & Data Analysis II
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LARSIM Python Wrapper & Data Analysis III
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Interface for LARSIM Python Wraper - Dash Application
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Interface for LARSIM Python Wraper - Dash Application I

Automatic and adaptable LARSIM simulation runs
Features: inspecting the forcing and output data, changing parameters, computing
GoF functions, etc.
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Interface for LARSIM Python Wraper - Dash Application II
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Interface for LARSIM Python Wraper - Dash Application III
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Uncertainty Quantification Execution Framework (UQEF) &
UQEFPP

For efficient, comprehensive, time-varying
uncertainty quantification and global sensitivity analysis
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General Story - UQ & SA & Environmental models

UQ - Quantifying uncertainty in the output of the model; Forward propagation of the
input uncertainty to the uncertainty in the model output or some QoI [Smith 2013]

SA - Apportioning output uncertainty to the different input factors; [Razavi et al. 2021]

Reasons for UQ & SA:
� Scientific discovery, explore causalities
� Decision support
� Support and complement model calibration
� Ranking - rank input factors according to the contribution on the output
� Screening - identifying (ir)relevant input factors (i.e., dimensionality reduction)
� Mapping - relating regions of the inputs and outputs
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UQEF & UQEFPP Functionalities I

Methods
1. Ensemble runs withe predefined values
2. Monte Carlo methods (i.e., sampling strategies - Halton, Sobol, Latin Hypercube)
3. Generalized Polynomial Chaos Expansion (gPCE)

� Transformation - from dependent variables to independent
� Point collocation method
� Pseudo-spectral projection with (sparse) quadrature rule

Definition of OoI and QoI
1. (Temporally varying) model output (e.g., discharge)
2. Some objective function / goodness-of-fit (i.e., NSE, RMSE) summing up the

whole period, or computed in the sliding window manner
Postprocessing

1. Statistics - mean, std
2. Surrogate gPCE model
3. Sensitivity Analysis

� Local, gradient-based analysis
� Global Variance-based - Sobol Indices
� Global active scores indices

4. Different visualization methods
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UQEF & UQEFPP Functionalities II
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General Polynomial Chaos Expansion (gPCE) I

f (t ; � ) �
N� 1X

n= 0

f̂n(t) � n(� ) =
N� 1X

n= 0

< f (t; � ); � n(� ) > � � n(� ) (1)

Compute statistical properties of OoI

E[f (t ; � )] � f̂0(t) (2)

Var [f (t ; � )] �
N� 1X

n= 1

f̂ 2
n (t) (3)

The Pseudo-spectral Projection (PSP) Method
� Use quadrature rule to compute coef�cients [Constantine, Eldred, and Phipps

2012]

f̂n(t) �
K � 1X

k= 0

f (t ; xk ) � n(xk ) wk (4)

� nodes, weights f xk ; wk gK � 1
k= 0 chosen w.r.t. the input probability distribution � (� )

� evaluate the forward model f (t ; � ) at each xk !
� From 1-d to d-dimensional space via tensor product formulations
� Sparse grids - minimize the number of deterministic forward simulations
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Sensitivity Analysis I

Problem

� How sensitive is f (t ; � ) (or some other QoI) to changes in � 2 X?
� What is the relative contribution of � i ; i = 1; : : : ; d to the output uncertainty?

Local sensitivity analysis

� asses the “sensitivity” around some nominal value, e.g. using gradients of output
w.r.t. inputs

Global sensitivity analysis

� based on analyzing a suitable “measure” of uncertainty, e.g. the variance

One-at-Time (OAT) vs. All-at-Time (AAT)

Time-varying vs. Aggregation over-time
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Global Variance-based Sensitivity Analysis II

Sobol' Indices (SI) [Bauwens, Nossent, and Elsen 2011; Saltelli et al. 2010]
First order SI
fraction of the model output variance that would disappear on average if � i is �xed

Si (t) =
Var [E[f j� i ]]

Var[f (� )]
=

Var[f ] � E[Var [f j� i ]]

Var[f ]
=

Vi (t)

Var[f ]
(5)

Total order SI evaluate the total effect of an input parameter

ST
i (t) =

E[Var [f j� � i ]]

Var[f ]
=

P
n2 Ai

Vn

Var[f ]
= 1 �

V� i (t)

Var[f ]
(6)

� Computing by MC samples ) # model_runs = N(d + 2)

SI and gPCE [Sudret 2008]

ST
i (t) �

P
n2 Ai

f̂ 2
n (t)

P N� 1
n= 1 f̂ 2

n (t)
(7)
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UQ & SA in Hydrology

� Variogram Analysis of Response Surfaces (VARS Tool) [Bajracharya et al. 2020;
Gupta and Razavi 2018; Razavi 2016]

� Distribution-based sensitivity analysis - PAWN & Sensitivity Analysis For
Everybody - A Matlab toolbox for Global Sensitivity Analysi - SAFE [Pianosi,
Sarrazin, and Wagener 2015; Pianosi and Wagener 2018]

� Fourier based sensitivity analysis - FAST [Collins and Avissar 1994; Koo et al.
2020; McRae, Tilden, and Seinfeld 1982]

� gPCE and stochastic collocation or PSP approache [Fan et al. n.d.; Miller et al.
n.d.]

Important aspects of our framework:
� Different choice of the OoI/QoI
� Sparse Grid based PSP - optimizing the number of model runs [Buha et al. 2022;

Obersteiner 2020]
� Parallel execution of independent model runs [Künzner 2021]
� Parallel processing over time
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