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1.Introduction

Studies of the structure and functions of large com-
plex networks have attracted a great deal of atten-
tion in many different fields such as sociology, biol-
ogy, physics and computer science [1]. As a particular
class, we focus on spatial networks embedded in the
real space, like urban streets, whose nodes occupy a
precise position in two or three-dimensional Euclidean
space, and whose links are real physical connections
with some inter-node distances [2].
In this paper, by incorporating such link distances

with the conventional notions of degree distributions
and degree correlations [1], we propose a statisti-
cal analysis method for analyzing spatial networks,
which consists of link distance distributions, link dis-
tance correlations, and link distance and degree cor-
relations. In our experiments using spatial networks
obtained from OSM (OpenStreetMap) data sets, we
show that our method can find some intrinsic prop-
erties of these networks such that their link distance
distributions can be reasonably approximated by a
power law distribution.

2. Proposed Method

Let G = (V, E) be a spatial network where V and
E are sets of nodes and links, respectively. Also, let
k(u) and d(u, v) be the degree of node u ∈ V and the
inter-node link distance of link (u, v) ∈ E . Here, we
divide the set of links E into

Em = {(u, v) ∈ E | m− 1 < d(u, v) ≤ m}

according to the unit distance m ∈ {1, 2, · · · }. Then,
as a notion inspired from degree distributions [1], we
propose the following link distance distribution f1(m):

f1(m) = |Em|

where |A| means the number of elements in A.
Next, as notions inspired from degree correla-

tions [1], we also propose the following link distance
correlation f2(m) and link distance and degree corre-
lation f3(m):

f2(m) =
1

|Em|
∑

(u,v)∈Em

1

|A(u, v)|
∑

(x,y)∈A(u,v)

d(x, y)

f3(m) =
1

|Em|
∑

(u,v)∈Em

k(u) + k(v)

2
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where A(u, v) denotes the set of links adjacent to the
link (u, v) defined by

A(u, v) = {(t, u) | (t, u) ∈ E} ∪ {(v, w) | (v, w) ∈ E}.

Namely, by using f2(m) and f3(m), we can ana-
lyze some types of mixing patterns such a property
whether the long-distance links in a network are likely
to connect to long-distance links or not.

3. Evaluation by Experiments

We used OSM (OpenStreetMap) data of 17 cities
studied in [3], where the numbers of nodes and links
in these urban street networks are from 120, 068 to
9, 543, 619 and from 266, 540 to 19, 445, 402, respec-
tively. In our experiments, by setting the unit dis-
tance m to 1 meter, we analyzed these networks by
our proposed method based on the formulae f1(m),
f2(m) and f3(m).
From our experimental results, as shown in Fig-

ures 1, 2 and 3 by using the 4 sample cities, London,
Paris, Los Angeles, and New York, we observed that
all the networks can be assumed to have the scale-free
property of link distance distributions (Fig. 1), like de-
gree distributions of most complex networks, clearly
positive link distance correlations (Fig. 2), like degree
correlations of most social networks, and slightly pos-
itive link distance and degree correlations (Fig. 3).
We consider that these are the intrinsic properties of
spatial networks constructed from large urban street
networks.
By more closely examining our experimental re-

sults, we could classify these 17 cities roughly into two
groups according to the condition whether each plot-
ted curve contains some peaks or not. For instance,
as to the 4 sample cities shown in Figs. 1, 2 and 3, we
can classify London and Paris into the group without
peaks, while Los Angeles and New York into the group
with peaks. Here we should note that such peaks are
typically formed around 80, 100, 200 and 400 meters
link distance points in each horizontal axis.
In our experimental results, among these 17 cities,

historically new cities typically in USA such as Wash-
ington D.C., San Francisco, and Richmond were clas-
sified into the group with peaks. Here, we may nat-
urally explain the reason why these peaks are formed
by assuming that some regular lattice types of urban
streets were constructed in main area of cities under
their large scale city planning, where such regular lat-
tices are generally characterized by relatively larger
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(d) New York

Figure 1: Link distance distribution
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Figure 2: Link distance correlations
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Figure 3: Link distance and degree correlations

number of links with the same link distances and their
connections to nodes with degree 4. These experi-
mental results suggest that our proposed method can
have a capability to uncover some intrinsic properties
of spatial networks.

4.Conclusion

By incorporating inter-node link distances with the
conventional notions of degree distributions and de-
gree correlations, we proposed a statistical analysis
method for analyzing spatial networks using link dis-
tance distributions, link distance correlations, and
link distance and degree correlations. In our exper-
iments using spatial networks obtained from OSM
(OpenStreetMap) data sets, we showed that our
method can find some intrinsic properties of these
networks. In future, we plan to evaluate our method
using various spatial networks.
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