Evaluating the Raingauge Ranking in Germany based on a Hybrid Complex Network Measure
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l. Weighted Degree-Betweenness
A hybrid node ranking measure (WDB)
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Figure 1: Artificial brain network. Agarwal et al., 2018

Il. Comparison with other node ranking network measures
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Figure 2. Simple artificial network to compare the proposed hybrid network measure with Betweenness (a), Bridgeness (b), DIL (c)
with the proposed measure WDB (d) in this study. Number 1 to 11 are node counts, and values in the bracket represent the hybrid
network measure values for each figure respectively.

Ill. Application to an Extensive Raingauge Network of Germany
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Daily observed rainfall data (1229 stations across Germany)
https://opendata.dwd.de/

B. Network construction

and adjacent areas.
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C. Evaluation of the proposed measure for Rainfall network
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C1. Decline Rate of Network Efficiency

C Quantifies the loss in efficiency with which information flows within a network when nodes are removed from the network.

C Higher decline rates of efficiency when removing higher ranking stations from the network.
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Figure 4: Decline rate of network efficiency corresponding to the removal of
each node in the rainfall network. In each implementation, only one node is
removed from the network according to the ranking with replacement.

C2. Relative Kriging Error
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Tablel: Relative kriging error for the three different cases. The relative kriging error for case lll is the average across ten trials. Stars indicate a

high relative error >5%.
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denotes the standard kriging error after removing stations, and 0 @
Relative kriging error is higher when removing high ranking stations.
We cover different statistics such as the mean, 90", 95t and 99t percentile rainfall and the number of wet days (precipitation > 2.5mm).

Number of nodes (10%) removed

Figure 5: Decline rate of network efficiency as a function of the number of stations
removed from the network. Case . up to the 10% highest ranking stations are
removed (black), case Il: up to the 10% lowest ranking stations are removed (red),
case lll: up to 10% randomly drawn stations are removed (10 trials) (blue).

. where
o — Pl Q Q = shortest path between nodes € and €
— IS the efficiency of the network after removing nodes, and — is the
efficiency of the complete network.
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Adhikary et al., 2015

IS the error for the original network.

Case Removal of stations Relative kriging error p (%)
Mean 90t percentile 95™ percentile 99t percentile Wet
days
I 10% highest ranking 7.2* 35.9% 72.3* 59.1* 71.1*
I 10% lowest ranking 5.1 4.1 3.8 11.4* -1.5
1] 10% randomly selected 6.6* 28.5* 60.8* 51.9* 4.8
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V. Conclusions

¢
1’
1 WDB performs comparatively better than
¢

resources management.

- A novel hybrid node ranking measure, Weighted Degree-Betweenness (WDB), based on complex networks is proposed for node ranking.
- WDB identifies node ranking in the network accurately that further help us to find influential and expandable stations across the region.

the other traditional and contemporary measures.

- The study identifies the top 10% Iinfluential stations and expandable stations, results from the study are useful in hydromonitoring and water

1 WDB node ranking measure has vital implication in other networks as well such as social network, disease spreading network, brain network

etc.

PHD positions @NatRiskChange Graduate school
International conference on Natural Hazards in a changing world




