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Many real-world complex 
networks are spatially 
embedded
● Transportation
● Communication
● Trade

Assessment of global network 
measures for:
● Characterization
● Intercomparison 
● Classification (small-world 

networks)

Global Clustering coefficient = 0.1
Average Path length = 20

US Interstate Network

Motivation
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To what extent are global 
network characteristics 
predetermined by spatial 
embedding?

Given fundamental information 
on the network's spatial 
embedding can one estimate the 
average path length and global 
clustering coefficient?

Are there classes of networks that 
are affected by spatial embedding 
and others that are not?

Motivation – Research questions

Global Clustering coefficient = 0.1
Average Path length = 20

US Interstate Network
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Create ensemble of surrogates by iteratively rewiring a given network 
and preserving “lower-level” topological and geographical features:

● Average degree K (as does the ER model)
● Local degree kv (as does approximately the configuration model)

Introduce two new models that explicitly take into account spatial 
embedding:

● Link length distribution p(l) 
→ GeoModel I

● Local link length distribution pv(l) 
→ GeoModel II

Plan of action
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Random rewiring
Preserves:
● Average degree K

Converges into ER random 
graph for sufficiently many 
steps
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Random link switching
Preserves:
● Average degree K
● Local degree kv

Approximately converges 
into configuration model 
for sufficiently many steps
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GeoModel I
Preserves:
● Average degree K
● Local degree kv

● Link length distribution 
p(l)
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GeoModel I
Preserves:
● Average degree K
● Local degree kv

● Link length distribution 
p(l)

Tolerance (only free 
parameter of the model)



Marc Wiedermann – marcwie@pik-potsdam.de 9

GeoModel II
Preserves:
● Average degree K
● Local degree kv

● Link length distribution 
p(l)

● Local link length 
distribution pv(l)
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Rewiring scheme - Summary
Search for certain 
geometries in the networks:

● Rewiring along kites 
preserves global link 
length distribution

● Rewiring along diamonds 
preserves local link length 
distribution

Both models exhibit only 
one free parameter (the 
tolerance)
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Data
● 6 real world networks
● 2 random networks as benchmark
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Influence of tolerance
● Surrogates' global characteristics deviate 

from target value with increasing tolerance
● Find tolerance such that hamming distance is 

maximized but link length distributions are 
still statistically indistinguishable
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Estimating the tolerance

Create an ensemble of surrogate 
networks for each choice of tolerance

Assess distribution of KS-statistics

Choose tolerance such that 95% of 
surrogates' link length distributions 
are statistically indistinguishable from 
original value at 95% confidence
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Results – Interstate network 

Average path length and global 
clustering of surrogates created from 
random rewiring/link switching 
deviate from that of original network 

Taking into account spatial embedding:

GeoModel I reproduces well the 
average path length

GeoModel II also recaptures well the 
global clustering coefficient 
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Results – Airline network

In contrast to interstate network:

Random link switching already 
reproduces well global 
characteristics of original network 

→ Spatial embedding of nodes needs 
not necessarily taken to be into 
account

Are there different classes of 
spatially embedded networks?
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Intermediate Summary
No spatial network under 
study is purely random

Random link switching 
(preserving local degree) 
recaptures average path 
length and global clustering 
for certain networks

For a second class only 
GeoModel I and II (taking 
into account spatial 
embedding) recapture 
original networks' global 
characteristics
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Link length distributions
Is it possible to get a similar discrimination from assessing the distributions of link 
lengths only?

We can measure: 
● probability for a distance between nodes given a link
● probability for a distance between nodes

We are interested in the probability of the distance between nodes given a link and call 
this the intrinsic linking probability
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Link length distributions

● Intrinsic linking probabilities of the world trade, Erdős–Rényi and airline networks are 
close to random uniform

● Intrinsic linking probabilities of the Random geomatric graph, the power grid, 
interstate, and urban road networks are close to exponential

Confirms the classifications from the GeoModels
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Conclusion
Introduced two random network models that 
take into account spatial embedding of 
nodes

Identified set of networks for which spatial 
embedding should be taken into account 
when assessing global network 
characteristics

In most cases global measures are to high 
degree explainable by spatial embedding → 
Small-World effect may be explainable in the 
same way in many networks (Bialonski et al., 
Chaos, 2010)
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