Learning non-linearities from flow
simulators

Antonio M. Moreno-Rodenas, Vasilis Bellos, Jeroen Langeveld and
Francois Clemens

B
ARH B8




1- Physically based flow simulators

1.1 Context




1- Physically based flow simulators

1.2 Emulation of computationally expensive simulators

Simulator (e.g. 2D-SWE): Interpolator:

l Rainfall, I(t)

Q(t, 6) = Emulator(8)

M, |(t))73 Outflow
ﬂ, » (Gaussian Process (Carbaijal et .al 2017)

I Infiltration/losses Polynomial expansion (Laloy et .al 2013)
« NN’s
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1- Physically based flow simulators

1.2 Emulation of computationally expensive simulators

Simulator (e.g. 2D-SWE): Interpolator:

Only static parameters

Q(t, 8) ~ Emulator(8))

M, |(t))73 Outflow
ﬂ, » (Gaussian Process (Carbaijal et .al 2017)

I Infiltration/losses * Polynomial expansion (Laloy et .al 2013)
« NN’s

l Rainfall, I(t)
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2- Emulator structure

2.1 Mapping dynamic rainfall and parameters spaces

1- UH_linear:
Unit hydrograph responses [10 mm unitary rainfall]
(proportionality + superposition)

Unitary responses 10 mm to parameter variations
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2- Emulator structure

2.2 Unit hydrograph response from a non-linear flow
model (UH_linear)
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2- Emulator structure

2.3 Sampling from the internal model state:

UH_p (proportionally correction):

UHP(tl 9! R) ~ CP(t)T | ¢P(9r R)

........... M(8, R_pit})
— M8, R (t)

UH_ps (proportionality and superposition)

| — M(8, R (t)} - M(B, R_p(t])

UHPS(t; 6; R, RP) ~ CPS(t)T | ‘PPS(B’ R' Rp) . /\ ,

Flowy
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3.1 UH error superposition (UH_p)
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3- Learning non-linear responses
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3- Learning non-linear responses

3.1 UH error corrected (UH_ps)
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4- Application

4.1 — Emulation of 2D-Shallow Water Equations
(FLOWR2D, NTUA). Rainfall(t) and manning roughness.

a) Model SWE_parabola b) Modcl SWE urban
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4- Application

4.2 — Validation of the emulator
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4- Application

4.2 — Validation of the emulator
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5- Conclusions

 Limitations and gaps for further research:

« Only valid for spatially homogeneous rainfall series
« Still constrained by curse of dimensionality

« Untested on highly dynamic systems (Urban drainage)
 Highlights

« Strategy to encode rainfall temporal variability and parameters

« Range of applicability of physically based simulations for
rainfall-runoff processes greatly extended.
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