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Forecasting and Optimization for Resilient Environmental Systems
through Investigation with Groundbreaking Hydrological Tools

We are a team of young researchers hosted at Técnico and the University of Lisbon. Part of CERIS and DECivil,
we merge classical hydrology with modern machine learning and optimization techniques to advance

hydrological sciences.

We are always looking for collaborators and great talent that can help us tackle water resilience challenges.
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Hydropower dam & dam-flood model
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Hydropower dam & dam-flood model

Elements
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Path to failure
e Strategy:

* Epistemic uncertainty

e Structural and functional fragility

* Functional programming

Hazard characterization
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Hydropower dam & dam-flood model

Path to failure
e Strategy:

* Epistemic uncertainty

e Structural and functional fragility

* Functional programming

* The GenMR approach enables an

efficient simulation of occurences.

* The main challenge is the definition of

the interaction matrix
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Dam-break / breach development \ Model A \ ./—-.Tmc,mf SN W —
e Earth/rockfill vs concrete dams: LSl

[

* Progressive breach development

e Suddenreservoirrelease

* Breach mode/evolutionvs flood wave at the dam: il - K
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Froehlich, D. C. 2008. Embankment Dam Breach Parameters and Their Uncertainties. Joufhal of Hydraulic
Engineering doi:10.1061/(ASCE)0733-9429(2008)134:12(1708).
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Flood wave propagation

Resource-consuming numerical problem.
Traditionally 1D / 2D, solved with established software e.g., HEC-RAS, BASEMENT, TUFLOW, etc.

The challenge in the context of GenMR is that each computation takes too long. They must be simplified and
expedited.

Meta-modelling

Convolutional Neural Networks

Graph Neural Networks

Cellular automat...

A trade-off of quality for speed will have to be accepted.
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Property damage
* Tangible losses:

Computed for every dam-break wave using fragility curves.
Different building types and responses.

Adequate fragility curves are not always easy to find.
A parametric approach will be required.
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Insights

* Earlier findings applicable to large dams

Fragility shifts risk to considerably higher frequency events

(R) reference case

(REu) reference case plus
epistemic uncertainty

(REUF) reference case plus
epistemic uncertainty and

fragility

Extreme probability distributions used to model hazard intensity
Vulnerability is used to model element responses

Lack of knowledge about the laws governing hazard intensity is
included

Uncertainty is considered also in element responses
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Insights
* Earlier findings applicable to large dams
Fragility shifts risk to considerably higher frequency events

More opportunities for being unfortunate...
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