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Uncertainty quantification
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Manning coefficient = 0.055

O Inputs:
* Inflow discharges
* Manning coefficient

* Ground elevation (DEM)

(J Outputs:
* Water depth (A)
* Velocity field (v)

] Quantities of interest:

* Flood extent

* Hazard rates (HR=(V+0.5) X h)
o HR e

UK Environment agency
o HR,4x



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/290884/scho0510bsno-e-e.pdf

Uncertainty quantification

 Inflow discharges (+8%)

Maximum ground -_I JJ_ ] L J:- Eden's uncertain inflow

elevation error (m) 0.00 0.88 1.75 2.63 3.51 4.38 526 6.14

User-defined
* Manning coefficient (+5%) constant ~ 0.1

Local second order
spatial derivative

. > magnitude
* Ground elevation (|chd|) -
resolution

Caldew's uncertain inflow

guantities of interests

DEM resolution =5 m

Statistical property

Manning coefficient = 0.055 * 0.00275

Histogram



Purpose

e Standard Monte Carlo (SMC)

SMC (Run #1)
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* Purpose: Finding the best alternative to SMC

ErrorvaS_l/2

oAny type of the histogram

Replications x
Large sample size

oSmaller sample size than SMC (within 10% error)



Alternative UQ methods

Random sampling methods

v’ Latin Hypercube Sampling (LHS)
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v Adaptive Stratified sampling (ASS)
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Deterministic realisation methods

v'Quasi Monte Carlo (QMC)

QMmc

v'Haar Wavelet expansion (HWE)
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Benchmarking test cases

2) Flooding in a valley

1) Rapidly propagating flood
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x (m)

The best

3) Carlisle 2005 flood

Time = 0.25 hrs

Water Depth (m) 0.00.40.91.31.721263.03439434752566064697.37.78.2



Elavation {m}

t= 162 (suc)
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Flood extent (mz)
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Variation in Flood extent (%)

Uncertainty propagation
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Quantlty of lnterest Flood extent

2D: errors and speedups

Relative histogram error (%)
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Quantlty of interest: HR__
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SMC (N, = 4675)
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2D: selected sample sizes

LHS (N, = 3738) QMC (N, = 1359)
ASS (N, = 3790) HWE (N, = 4096)
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2D: sampled histograms

Reference solution [___|SMC (N_=4675) [JLHS (N_=3738)

[ JQMC(N_=1359) [ JASS(N_=3790) [ |HWE (N =4096)
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Relative histogram error (%)

Elevation (m)
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. errors and speedups
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Average Speedups

v LHS 1.00
v ASS 1.02
vQMC 1.59
vHWE 1.19



Relative histogram error (%)
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LHS (N, =3821)  HWE (N, = 4096)
SMC(N;=3823)  ASS(N,=3766) QMC (N, = 2407)

: 7.5% error




: sampled histogram

Reference solution [_JSMC (N_=3823} [ JLHS (N_=3821)
[]QMC (N_=2407) | |ASS (N_=3766) [ JHWE (N_=4096)
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Uncertainty propagation

Variation in HR__, (%)
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2D: sampled histograms

Reference solution [ ]SMC (N =4675) []LHS (N _=3738)
]QMC (N_=1359) [ ]ASS (N_=3790) [ ]HWE (N_=4096)
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: sampled histograms

‘ Reference solution [__]SMC (N_=3823) [ JLHS (N_=3821)
[ 1QMC (N_=2407) | ASS (N_=3766) [JHWE (N_=4096)
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Uncertainty propagation

Uncertainty in ground elevation
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5D: histograms

Reference solution C1QMC (NS=2000) JASS (NS=2000) Reference solution _1QMC (NS=4000) [ JASS (NS=4000)
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