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Mot ivat ion
• Fully distributed vs. Semi-distributed 

modeling approaches.

• HydroBlocks Land Surface Model


• Limitation routing: Manageable for 

~5,000 channels.

Goal: Simplified structure of river network: Scalability over continental scales.

Chaney et. al., 2021
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8283 river 
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8283 river 
reaches

Idea: Cluster repeating patterns of subnetworks’ 
topologies and solve for “characteristic 

topologies”.



Stage  1:  Se lect  reaches  to  so lve  
exp l ic i t l y   

70%pacc = 75%pacc = 80%pacc =

85%pacc = 90%pacc =
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Stage  2:  C luster ing  topo log ies    
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2.1. 35 descriptors of subnetwork topologies 
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2.1. 35 descriptors of subnetwork topologies 
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Reduce dimensionality before performing 
clustering



Stage  2:  C luster ing  topo log ies    
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19 PC, ~99% of total 

variance

2.2. PCA for 85% threshold (~1,200 subnetworks)

Principal component



Stage  2:  C luster ing  topo log ies    
2.3. Selection: clustering algorithm and number of clusters

K-means

Agglomerative clusteringGaussian mixture

Gaussian mixture: 

 with k=34ρ̄ ≈ 0.95
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Stage  2:  C luster ing  topo log ies    
2.4. Clustering
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Stage  2:  C luster ing  topo log ies    
2.4. Clustering: First-order streams and simple topologies
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Cluster 14Cluster 32Cluster 10



Stage  2:  C luster ing  topo log ies    
2.4. Clustering: Intermediate complexity structures
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Cluster 29Cluster 25Cluster 22
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Stage  2:  C luster ing  topo log ies    
2.4. Clustering: Highly complex structures
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Stage  2:  C luster ing  topo log ies    
2.4. Clustering: Highly complex structures

It works!
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F ina l  Thoughts  and  
Future  D i rect ions

• Cluster the river channel structure over sets of 
interconnected reaches (i.e., topologies): Possible!


• Some questions remain:

1. Influence of different covariates on the obtained clustering + 

weights used within the clustering.

2. Are the selected topological metrics enough to characterize the 

trees on all scales? (i.e., complex vs. simple networks).

3. Characteristic topology + 2-way coupling.


• Quantify computational saving derived from applying a 

topological clustering vs. “fully distributed” routing solution.


• Preliminary results show that topological clustering is a 
feasible and promising alternative to implement within ESMs.
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