
where ὑὛὉ denotes the standard kriging error after removing stations, and ὑὛὉ is 
the error for the original network. 

Evaluating the Raingauge Ranking in Germany based on a Hybrid Complex Network Measure
Ankit AGARWAL1,2,3, N. MARWAN2, R. MAHESWARAN1, U. OEZTUERK1,2, B. MERZ3,J. KURTHS1,2

1Institute of Earth and Environmental Science, University of Potsdam, Potsdam, Germany
2Research Domain Transdisciplinary Concepts & Methods, Potsdam Institute for Climate Impact Research, Telegrafenberg, Potsdam, Germany
3GFZ German Research Centre for Geosciences, Section 5.4: Hydrology, Telegrafenberg, Potsdam, Germany

Liu, J., Xiong, Q., Shi, W., Shi, X. and Wang, K.: Evaluating the importance of nodes in complex networks, Phys. Stat. Mech. Its Appl., 452, 209ï219,

doi:10.1016/j.physa.2016.02.049, 2016.

Adhikary, S. K., Yilmaz, A. G. and Muttil, N.: Optimal design of rain gauge network in the Middle Yarra River catchment, Australia: Hydrol. Process., 29(11), 2582ï2599,

doi:10.1002/hyp.10389, 2015.

Agarwal, A., Marwan, N., Rathinasamy, M., Merz, B. and Kurths, J.: Multi-scale event synchronization analysis for unravelling climate processes: a wavelet-based approach,

Nonlinear Process. Geophys., 24(4), 599ï611, doi:10.5194/npg-24-599-2017, 2017.

╦╓║╝░ ║╝░ ╘╝░

╘╝░
▒

▪▒ ║╝░ ▓z╝▒
▓╝░ ▓╝▒

where

ὄ = Betweenness centrality of node Ni

Ὅ = Influence/contribution of the directly connected

nodeὔ ,Ὦ ρȟςȟσȣȢὲ to nodeὔ

I. Weighted Degree-Betweenness

Ὧ= degree of node É, 

Ὧ=degree of the nodes Ê, directly connected to node ii, 

ὲ= total number of directly connected nodes to node Ὥ. 

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.

II. Comparison with other node ranking network measures

III. Application to an Extensive Raingauge Network of Germany

C. Evaluation of the proposed measure for Rainfall network

C1. Decline Rate of Network Efficiency 
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Ç Quantifies the loss in efficiency with which information flows within a network when nodes are removed from the network.

Ç Higher decline rates of efficiency when removing higher ranking stations from the network.

– ϳρὨ
where

Ὠ = shortest path between nodes ὲ and ὲ

C2. Relative Kriging Error

ᴘϷ
ὑὛὉ ὑὛὉ

ὑὛὉ
ρππ

where

ὑὛὉ denotes the standard kriging error after removing stations, andὑὛὉ is the error for the original network.

Relative kriging error is higher when removing high ranking stations.

We cover different statistics such as the mean, 90th, 95th and 99th percentile rainfall and the number of wet days (precipitation > 2.5mm).

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.

Figure 5: Decline rate of network efficiency as a function of the number of stations

removed from the network. Case I: up to the 10% highest ranking stations are

removed (black), case II: up to the 10% lowest ranking stations are removed (red),

case III: up to 10% randomly drawn stations are removed (10 trials) (blue).

Case Removal of stations Relative kriging error ᴘ%

Mean 90th percentile 95th percentile 99th percentile Wet

days

I 10% highest ranking 7.2* 35.9* 72.3* 59.1* 71.1*

II 10% lowest ranking -5.1 4.1 3.8 11.4* -1.5

III 10% randomly selected 6.6* 28.5* 60.8* 51.9* 4.8

¶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.

¶WDB performs comparatively better than the other traditional and contemporary measures.

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

resources management.

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

etc.

IV. Conclusions

A hybrid node ranking measure (WDB)

Daily observed rainfall data (1229 stations across Germany)

https://opendata.dwd.de/

A. Data

B. Network construction

(a) betweenness (b) bridgeness

(c) DIL (d) WDB

– is the efficiency of the network after removing nodes, and – is the

efficiency of the complete network.
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Table1: Relative kriging error for the three different cases. The relative kriging error for case III is the average across ten trials. Stars indicate a

high relative error >5%.

Figure 1: Artificial brain network.

Figure3: Location of raingauges in Germany

and adjacent areas.
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