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Dynamical clustering: A new approach to make distributed 
(hydrological) modeling more efficient by dynamically 

detecting and removing redundant computations 



Motivation

Distributed modelling is attractive as it accepts distributed observables and yields
distributed predictions, but it is computationally expensive.

Possible solutions for the computation problem are massive parallel computing, 
adaptive time stepping, or adaptive gridding

In adaptive gridding, only neighboring model elements can be merged

We could make distributed modeling more efficient by if we could also merge non-
neighboring model elements



Hypotheses

Similarity of model elements,

is a precondition for merging them,

is a function of their forcing, structure, states and fluxes,

and varies over time.

If we can identify groups of similar model elements,

we can select a few representatives from each group,

calculate the dynamical evolution of these few representatives,

and assign their results to all model elements in the group.

As similarity varies over time, re-grouping will be required from time to time

If the computational extra costs for grouping are low, we will save computation time

Similarity: Models states are normalized and discretized (binned). Two model
elements are similiar if their normalized states fall into the same bin. 



Dynamical clustering

Main steps

Find groups of similar model elements

From each group, randomly select a few representatives

Run the model for these representatives only

Assign results from the representatives to remaining group members

If representatives of a group become dissimilar new grouping



Test application

Real-world system: Attert basin in Luxembourg (288 km²)



Test application

Hydrological model: SHM

Distributed (173 sub catchments)

Conceptual water balance model (HBV-like)



Results

Dynamical similarity among sub catchments

Is measured by the entropy of the distribution of sub catchment states

 There is considerable similarity (entropies are lower than the benchmark
entropy of the uniform distribution)

 Similarity varies with time



Results

Dynamical similarity among sub catchments

The strength and the dominant
controls of the spatial patterns
of similarity vary with time

Geology and rainfall pattern are
the main controls



Results

Dynamical clustering – computational savings vs. quality loss

Computational costs are measured by model execution time [s]

Model quality is measured by Nash-Sutcliffe efficiency

Maximum clustering:
One sub catchment represents all others

Dynamical clustering run –
optimized

Full resolution model run –
no dynamical clustering overhead

Full resolution model run –
with dynamical clustering overhead

computational savings
quality
loss

costs of overhead



Results

Dynamical clustering – Reclustering

Red circles show times of re-clustering (upper plot)

The required number of cluster representatives varies with time (lower plot)



Further information

For details, please see the manuscript in HESS discussions at 
https://www.hydrol-earth-syst-sci-discuss.net/hess-2020-65/

https://www.hydrol-earth-syst-sci-discuss.net/hess-2020-65/
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Looking forward to see all of you in person again

at EGU 2021!


