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Model uncertainty
analysis

Variance decomposition:
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Model uncertainty
analysis

Variance decomposition:

Model output: Y
Errors in inputs, parameters, model-structure: X;, X,, ..., X

V(Y) = ZV + Y D Vit + Vi

1 i

Normalizing by V: first and higher order sensitivity indices:
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Willems, P. (2012), ‘Model uncertainty analysis by variance decomposition’,
Physics and Chemistry of the Earth, 42-44, 21-30
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Steps in sewer inundation modelling:

Rainfall data (rain gauges, C-band radar,
X-band radar, ...)

Rainfall merging model

Sewer catchment rainfall
\4

Rainfall-runoff model

Rainfall-runoff discharge

A 4

Sewer hydrodynamic model

Sewer discharge
l Sewer water (piezometric) level

Surface inundation model

l Inundation volume, depth, area, ...

Flood damage model

l Flood loss / risk

G Rainfall input uncertainty

propagate
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Steps in sewer inundation modelling:

Rainfall data (rain gauges, C-band radar,
X-band radar, ...)

Rainfall merging model G Total rainfall input uncertainty
Sewer catchment rainfall
v propagate
Rainfall-runoff model Additional uncertainty due to:
RR model uncertainty
Rainfall-runoff discharge Sewer HD model uncertainty
A 4
Sewer hydrodynamic model
Sewer discharge Total sewer flow / water level
l Sewer water (piezometric) level uncertainty

Additional uncertainty due to:

Surface inundation model DEM / surface inund. model

l Inundation volume, depth, area, ... Total sewer flood uncertainty

Additional uncertainty due to:
Flood damage model

Flood damage model

l Flood loss / risk Total flood loss/risk uncertainty
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Steps in sewer inundation modelling:

Rainfall data (rain gauges, C-band radar,

extreme value analysis
X-band radar, ...) y

IDF relationships

Synthetic / design storms

a

Rainfall merging model

Sewer catchment rainfall

A 4

Rainfall-runoff model

Rainfall-runoff discharge Q-RR

A 4

Sewer hydrodynamic model

Sewer discharge Q _ T-eyent
l Sewer water (piezometric) level H simulations

Surface inundation model

l Inundation volume (V), depth (D), area (A), ...

Flood damage model

l Flood loss (L) / risk

>

l Rainfall statistics

Rainfall-runoff model

Q-RR statistics

A 4

Sewer hydrodynamic model

Q statistics
l H statistics

Surface inundation model

l V, D, A statistics

Flood damage model

l L statistics
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Model uncertainty
analysis

Example: River flood modelling (Dender river, BE)

Total rainfall input uncertainty quantification:
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Model uncertainty
analysis

Example: River flood modelling (Dender river, BE)

Total river flow uncertainty quantification:
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Model uncertainty
analysis

Example: River flood modelling (Dender river, BE)

Take observation error variance into account:

Q-H rating curve uncertainty:

—— Original rating curve

— Rating curve correctian for fl. infl.
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Model uncertainty
analysis

uncertainty
qguantification:
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Model uncertainty
analysis

Example: River flood modelling (Dender river, BE)

overlay of: ERS SAR derived flood map at 30.01.1995 Flood model

mmm Flemish Map of Recent Floods for the flood of validation
January 1995 (at the peak moment)

B /ydraulic model flood simulation results (at 30.01.1995)
WS Hydraulic model flood simulation results (at the peak moment)
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Model uncertainty
analysis

Example: river flood modelling (Dender river, BE)

Rainfall input 33%
Evapotranspiration input 10%
Rainfall-runoff model Rainfall-runoff model structure 57%

Rainfall-runoff discharge Q-RR, BC

A 4

River hydrodynamic model

River discharge

River water level

A 4

Floodplain model

Volume flooded
Inundation depth

Area flooded

A 4

Flood damage model

l Flood loss
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Model uncertainty
analysis

Example: river flood modelling (Dender river, BE)

Rainfall input 15%
Evapotranspiration input 506
Rainfall-runoff model Rainfall-runoff model structure 2504

Rainfall-runoff discharge

A4
River hydrodynamic model Manning coefficient 12%

Regulation hydraulic structures 43%

River discharge

River water level H

A4
Floodplain model

Volume flooded
Inundation depth

Area flooded

A4
Flood damage model

l Flood loss
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Example: river flood modelling (Dender river, BE)

Rainfall input 4%
Evapotranspiration input 2%
Rainfall-runoff model Rainfall-runoff model structure 7%

Rainfall-runoff discharge

Y

River hydrodynamic model Manning coefficient 4%

Regulation hydraulic structures 12%

River discharge

River water level

Y

Floodplain model Dike heights / Momentum transfer 65%
link-channels

Volume flooded

Floodplain geometry 6%0
Inundation depth | _p

Area flooded

A4
Flood damage model

l Flood loss
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Model uncertainty
analysis

confidence limits on model results:
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Model uncertainty
analysis

Example: river flood modelling (Dender river, BE)

Probabilistic flood maps:

Event-based flood map

0% -> 100% prob.
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Example: river flood modelling (Dender river, BE)

Flood maps for: ] T=1year ] 10 years ] 100 years

™ rivers =

() subcatch A

1%/ subcatchments P Y
) asz o 433 e :
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Rainfall forecast
uncertainty quantification

Statistical non-parametric data-based approach:

- Qbservation

Water Level

Time
14/11/2010 01:00

Van Steenbergen, N., Ronsyn, J., Willems, P. (2012), ‘Non-parametric data-based approach for probabilistic flood
forecasting in support of uncertainty communication’, Environmental Modelling & Software, 33, 92-105
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Rainfall forecast
uncertainty quantification

Statistical non-parametric data-based approach:

- Qbservation
- = Simulation

Water level

14/11/2010 01:00

Van Steenbergen, N., Ronsyn, J., Willems, P. (2012), ‘Non-parametric data-based approach for probabilistic flood
forecasting in support of uncertainty communication’, Environmental Modelling & Software, 33, 92-105



Investing in Opportunities

. *x AN
* * N
* * ~
* * -
. nwe
This project has received
European Regional

Development Funding
through INTERREG IV B. INTERREG IVB

Rainfall forecast
uncertainty quantification

Statistical non-parametric data-based approach:

| Residuals —  Qbservation
= = Simulation

|
|
s

Water level

14/11/2010 01:00

Van Steenbergen, N., Ronsyn, J., Willems, P. (2012), ‘Non-parametric data-based approach for probabilistic flood
forecasting in support of uncertainty communication’, Environmental Modelling & Software, 33, 92-105
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Rainfall forecast
uncertainty quantification

Statistical non-parametric data-based approach:

| Residuals - QObservation
= = Simulation

Value Class

-
Lo

1 2 3 4 5
Time Horizon Class 14/11/2010 01:00

Time

Van Steenbergen, N., Ronsyn, J., Willems, P. (2012), ‘Non-parametric data-based approach for probabilistic flood
forecasting in support of uncertainty communication’, Environmental Modelling & Software, 33, 92-105
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Rainfall forecast
uncertainty quantification

Statistical non-parametric data-based approach:

| Residuals - Qbservation
- = Simulation
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Van Steenbergen, N., Ronsyn, J., Willems, P. (2012), ‘Non-parametric data-based approach for probabilistic flood
forecasting in support of uncertainty communication’, Environmental Modelling & Software, 33, 92-105
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Rainfall forecast
uncertainty quantification

Statistical non-parametric data-based approach:
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Van Steenbergen, N., Ronsyn, J., Willems, P. (2012), ‘Non-parametric data-based approach for probabilistic flood
forecasting in support of uncertainty communication’, Environmental Modelling & Software, 33, 92-105
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Rainfall forecast
uncertainty quantification

Statistical non-parametric data-based approach:
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Van Steenbergen, N., Ronsyn, J., Willems, P. (2012), ‘Non-parametric data-based approach for probabilistic flood
forecasting in support of uncertainty communication’, Environmental Modelling & Software, 33, 92-105
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Flood forecast
uncertainty quantification
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Van Steenbergen, N., Ronsyn, J., Willems, P. (2012), ‘Non-parametric data-based approach for probabilistic flood
forecasting in support of uncertainty communication’, Environmental Modelling & Software, 33, 92-105
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Flood forecast
uncertainty quantification
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