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Empirical investigation of topological and weighted
properties of a bus transport network from China∗
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Many bus transport networks (BTNs) have evolved into directed networks. A new representation model for BTNs is
proposed, called directed-space P. The bus transport network of Harbin (BTN-H) is described as a directed and weighted
complex network by the proposed representation model and by giving each node weights. The topological and weighted
properties are revealed in detail. In-degree and out-degree distributions, in-weight and out-weight distributions are presented
as an exponential law, respectively. There is a strong relation between in-weight and in-degree (also between out-weight
and out-degree), which can be fitted by a power function. Degree–degree and weight–weight correlations are investigated
to reveal that BTN-H has a disassortative behavior as the nodes have relatively high degree (or weight). The disparity
distributions of out-degree and in-degree follow an approximate power-law. Besides, the node degree shows a near linear
increase with the number of routes that connect to the corresponding station. These properties revealed in this paper can
help public transport planners to analyze the status quo of the BTN in nature.
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1. Introduction

There is a great interest in public transport networks as
complex networks, involving the bus transport network and
subway (or railway) network. Specifically, more and more
public transport networks have been investigated in recent
years: Sienkiewicz and Hołyst made a statistical analysis on
public transport systems in 22 Polish cities.[1] Angeloudis and
Fisk analyzed the world’s twenty largest subway systems as
complex networks.[2] von Ferber et al. presented a systematic
survey of public transport networks of fourteen major cities in
the world.[3,4] Xu et al. empirically studied complex features
of public transport networks of 330 cities from China.[5] Sta-
tistical results showed that the public transport networks have
some common features, such as exponential or power-law de-
gree distribution, and typical small-world behaviors.

In previous studies, public transport networks were repre-
sented by three topological spaces:[1,6,7] space P, space L, and
space R, which can be regarded as projections of a bipartite
graph.[4,8,9] Some improved spaces were also proposed for ac-
tual public transport networks. Bi et al. proposed an improved
space L (space S) to analyze urban rapid transit networks.[10]

Yang et al. proposed an extended-space (ES) representation
for bus transport networks based on space L (P), which com-
prised of ESL, ESP, and ESW networks.[11] To sum up, we
noticed that most public transport networks were roughly de-
scribed as undirected complex networks, in which the topo-
logical properties attracted more attention.

Recently, our investigation has discovered that the bus
transport networks (BTNs) evolve into directed networks in
some big cities (such as Harbin, Dalian from China), that is,
there are lots of bus routes with different uplinks and down-
links. Zheng et al. built up a directed and weighted com-
plex network model based on neighboring stops to analyze the
topological properties of Beijing public transport network.[12]

Therefore, it is necessary to establish a directed topological
space for BTNs which can explore some new networked prop-
erties. Moreover, we find that nearly all the authors described
BTNs as route networks or station networks and only focus
on topological properties of the networks, and they commonly
dismissed passenger flow on BTNs as another important com-
position of BTNs. We hold that some intrinsic properties of
BTNs can be further revealed if passenger flow is considered
in the networks.[13,14]

The remainder of this paper is organized as follows: Sec-
tion 2 proposes a new representation model for BTNs, namely
directed-space P. Section 3 details empirical distributions in di-
rected and weighted BTN-H. Section 4 analyzes correlations
and disparities in directed and weighted BTN-H. Section 5
gives a brief conclusion.

2. A new representation model for BTNs
In this paper, we have reported an empirical investigation

of the BTN of Harbin City in 2013, which included 132 bus
routes (excluding two loop routes), 993 stations and peak-hour
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passenger production and attraction at each station. All the
routes are divided into uplinks and downlinks. Specifically,
we have counted the number of passengers who get on and
get off the bus at each station in a morning peak hour by ride
check, respectively, as shown in Fig. 1. Peak-hour passenger
production at a station is the total number of passengers who
get on the bus at the same station for each uplink and down-
link. Peak-hour passenger attraction at a station is the total
number of passengers who get off the bus at the same station
for each uplink and downlink.

According to the investigation, it is such a common phe-
nomenon that a bus route has different uplink and downlink in
Harbin owing to single lanes and unidirectional passenger traf-
fic, and its proportion is more than 36%. To describe the spa-
tial characteristics of a directed BTN, we propose a new rep-
resentation model for BTNs based on space P, called directed-
space P.[11,12,15] The modeling can be divided into four steps
as follows. A simple BTN is presented on the bus transport
map, including two routes and nine stations (see Fig. 2(a)).
The routes are divided into uplinks and downlinks. The bus
transport map is abstracted into an extended bipartite graph,
in which an uplink (or downlink) node and a station node are
linked by an edge if the station is on the uplink (or down-
link) (see Fig. 2(b)). A unipartite graph is obtained through
down (up) projection from uplink nodes to station nodes (from
downlink nodes to station nodes) (see Fig. 2(c)). The nodes are
bus stations, and two nodes are linked by an edge if they are

on the same uplink (or downlink) in Fig. 2(c). In the unipar-
tite graph, the edges between two nodes are directed according
to the direction of the corresponding uplink (or downlink) in
Fig. 2(a), as shown in Fig. 2(d).
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Fig. 1. (color online) The collected data of route 1 in investigation: (a)
uplink; (b) downlink. From above: blue bar and red bar denote the num-
ber of passengers who get on and get off the bus. The station names are
listed in Appendix A.
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Fig. 2. (color online) (a) Bus transport map; (b) extended bipartite graph; (c) unipartite graph; (d) directed unipartite graph.
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Figure 2(d) shows a directed and weighted network,
which can be expressed by an asymmetrical adjacency matrix

A B C D E F G H I

𝐴w =
{

aw
i j
}

N×N =

A
B
C
D
E
F
G
H
I



0 1 1 1 1 0 0 0 0
1 0 1 1 1 0 0 0 1
1 1 0 2 1 1 1 1 1
1 1 2 0 1 1 1 1 1
1 1 1 1 0 0 0 0 1
0 0 1 1 0 0 1 1 0
0 0 1 1 0 1 0 1 0
0 0 1 1 0 1 1 0 0
1 0 0 0 0 0 0 0 0


, (1)

where aw
i j is the number of adjacent edges (i.e., edge weight)

from node i to node j, and N is the number of nodes in the
graph.

3. Empirical distributions in directed and
weighted BTN-H
BTN-H is described as a directed and weighted complex

network by the proposed directed-space P and by giving each
node weights. The network covers 993 nodes and 93682 di-
rected edges. It means that each passenger has a travel route
or routes on these directed edges. In particular, the travel route
from node i to node j may be different from the travel route
from node j to node i. Degree and node weight are important
measures of centrality of a node in the network. Degree dis-
tribution, node-weight distribution, and relation between de-
gree and weight are studied in detail to reveal topological and
weighted properties of the network.

The node degree refers to in-degree and out-degree in a
directed network. The in-degree of a node i is the number of
edges with i as their terminal node (see Eq. (2)). The out-
degree of a node i is the number of edges with i as their initial
node (see Eq. (3)).

dw
in (i) = ∑

j
aw

ji , (2)

dw
out (i) = ∑

j
aw

i j . (3)

Figure 3 presents cumulative in-degree distribution and
cumulative out-degree distribution. The two distributions fol-
low an exponential law, with almost no difference. Exponen-
tial degree distributions are not surprising in most public trans-
port networks.[5,6,8,16] A possible explanation behavior is re-
vealed that new stations tend to be connected to the old ones
at random during the expansion of BTN-H. From Fig. 3, we
can see that BTN-H is an approximately symmetrical network,
in other words, uplinks have almost the same stations with the
corresponding downlinks in Harbin. Moreover, it can be in-
ferred that those bus routes with different uplinks and down-
links have no impact on topological properties of BTN-H on
the macro-scale.
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Fig. 3. (color online) (a) Cumulative in-degree distribution; (b) cumu-
lative out-degree distribution.

Similarly, the node weight is divided into in-weight and
out-weight. The in-weight win (i) of a node i is defined as
peak-hour passenger attraction at the corresponding station.
The out-weight wout (i) of a node i is defined as peak-hour pas-
senger production at the corresponding station. In terms of a
node, in-weight and out-weight are usually unequal. Actually,
the node weight is as important as its degree. If degree sym-
bolizes the extrinsic importance of a node, then node weight
symbolizes its intrinsic importance in the network. Put sim-
ply, the larger the node weight, the larger the corresponding
degree. We can infer the BTN is designed reasonably accord-
ing with passenger flow if degree distribution and node-weight
distribution have the same law.

Figure 4 presents cumulative in-weight distribution and
cumulative out-weight distribution, which have also an expo-
nential decay. It indicates that passenger attraction (or pro-
duction) is heterogeneously distributed at each station. From
Figs. 3 and 4, we observe that both degree distribution and
node-weight distribution follow an exponential law. This is not
a coincidence because only the larger node degree can serve
more passengers’ travel. Therefore we have reasons to believe
that BTN-H is designed reasonably. Additionally, we find that
the out-weight distribution is more approximate to exponential
distribution than the in-weight distribution. That may be be-
cause passengers’ departure is given more consideration than
passengers’ arrival as BTN-H is designed.
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Fig. 4. (color online) (a) Cumulative in-weight distribution; (b) cumu-
lative out-weight distribution.
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Fig. 5. (color online) (a) Relationship between in-degree and in-weight,
w
(
dw

in

)
∝
(
dw

in

)βin with βin = 1.374; (b) relationship between out-degree
and out-weight, w(dw

out) ∝ (dw
out)

βout with βout = 1.325.

To figure out the relationship between nodes’ degree and
weight, we investigate the dependence of win (i) on dw

in (i) and
wout (i) on dw

out (i), respectively. The dependence can be fitted
by power functions

w(dw
in) ∝ (dw

in)
βin , (4)

w(dw
out) ∝ (dw

out)
βout . (5)

In Fig. 5, it is not unexpected that the node weight in-
creases with its degree, win (i) versus dw

in (i) and wout (i) ver-
sus dw

out (i). The power-law fits are given two parameters:
βin = 1.374 and βout = 1.325. The values show that the node
weight (i.e., passengers) has a faster growth than its degree.[17]

Furthermore, there is a strong relationship between in-weight
and in-degree (also between out-weight and out-degree), in
spite of unavoidable fluctuations. This result is different from
the tourism network in which only out-weight and out-degree
have a strong relationship.[18] It can also be concluded that the
topological structures of BTN-H are codetermined by passen-
ger production and attraction at each station.

4. Correlations and disparities in directed and
weighted BTN-H
We turn now to investigate degree–degree and weight–

weight correlations between connected nodes in the network
to illustrate whether the network has an assortative or dis-
assortative behavior. An assortative network is one where
high-degree (or high-weight) nodes have high-degree (or high-
weight) nearest neighbors, while an disassortative network has
high-degree (or high-weight) nodes that have low-degree (or
low-weight) nearest neighbors.[18,19]

Degree–degree correlation can measured by the average
nearest-neighbor degree. Considering that the network is di-
rected, we define the average nearest neighbors’ out-degree
and in-degree for a given node as

dw
nout (i) =

1
dw

in (i)
∑

j∈v(i)
dw

out ( j), (6)

dw
nin (i) =

1
dw

out (i)
∑

j∈v(i)
dw

in ( j), (7)

where v(i) is the set of nearest neighbors of node i. We cal-
culate the average nearest neighbors’ out-degree for the nodes
with the same in-degree, and the average nearest neighbors’
in-degree for the nodes with the same out-degree separately,

dw
nout (k) =

1
Nin (k)

∑
dw

in(i)=k
dw

nout (i), (8)

dw
nin (k) =

1
Nout (k)

∑
dw

out(i)=k
dw

nin (i), (9)

where Nin (k) is the number of nodes with in-degree k, Nout (k)
is the number of nodes with out-degree k.
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Analogously, weight–weight correlations can be mea-
sured by the average nearest-neighbor weight. We define
the average nearest neighbors’ out-weight and in-weight for
a given node as

wnout (i) =
1

win (i)
∑

j∈v(i)
wout ( j), (10)

wnin (i) =
1

wout (i)
∑

j∈v(i)
win ( j). (11)

Actually, the value of the average nearest-neighbor degree
(or weight) is more than 1. It also denotes the node’s impact on
its nearest neighbors, that is, the lower the neighbors’ degree
(or weight), the greater the node’s impact.

Figures 6 and 7 show degree–degree correlations and
weight–weight correlations in BTN-H. We find that the nearest
neighbors of the nodes with low degree (or weight) have large
fluctuations in the average degree (or weight). The fluctuations
result in weak degree–degree (or weight–weight) correlations.
In other words, BTN-H has no an assortative or disassortative
behavior as the nodes have relatively low degree (or weight).
But the neighbors’ degree (or weight) has a negative trend, re-
vealing that BTN-H has a disassortative behavior as the nodes
have relatively high degree (or weight). Additionally, the neg-
ative trends demonstrate also that the nodes have a growing
impact on their neighbors.
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Fig. 6. (color online) Degree–degree correlations for (a) nodes’ in-
degree versus neighbors’ out-degree and (b) nodes’ out-degree versus
neighbors’ in-degree.
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Fig. 7. (color online) Weight–weight correlations for (a) nodes’ in-
weight versus neighbors’ out-weight and (b) nodes’ out-weight versus
neighbors’ in-weight.

As another important topological parameter, we focus on
the disparity of the node degree, which can measure the ho-
mogeneity of distribution of the node’s adjacent edges. For
the directed network, we define the disparities of out-degree
and in-degree for a given node as

Yout (i) = ∑
j∈v(i)

[ aw
i j

dw
out (i)

]2

, (12)

Yin (i) = ∑
j∈v(i)

[ aw
ji

dw
in (i)

]2

, (13)

where aw
i j, aw

ji are defined in Eq. (1). The disparity is inversely
proportional to the corresponding node degree if all the edge
weights are equal. The disparity reaches the maximum 1 if a
node’s adjacent edges only connected with a neighbor.

We average the disparities of out-degree (or in-degree) for
the nodes with the same out-degree (or in-degree)

Yout (k) =
1

|Nout (k)| ∑
dw

out(i)=k
Yout (i), (14)

Yin (k) =
1

|Nin (k)| ∑
dw

in(i)=k
Yin (i). (15)

Figure 8 shows the disparity distributions of out-degree
and in-degree. We can see most nodes have very small dis-
parities, illustrating that most stations have relatively homo-
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geneous connections with other stations in BTN-H. Interest-
ingly, each of the two distributions with a long tail follows an
approximate power-law (see insets). We can infer that out-
degree and in-degree have severely heterogeneous disparities
for all the nodes, that is, there are significant differences be-
tween the tiny number of the nodes with maximum disparities
and the great number of the nodes with minimum disparities.
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Fig. 8. (color online) (a) Disparity distribution of out-degree; (b) dis-
parity distribution of in-degree.

Besides, the number of routes that connect to a station
(NSS) is another important parameter measuring the central-
ity of the station (node). Here, we examine the degree-route
correlation between the node degree and NSS. The node de-
gree equals the sum of in-degree and out-degree as

dw (i) = dw
in (i)+dw

out (i) , (16)

and NSS is half of the number of uplinks and downlinks con-
nected to the station. As seen in Fig. 9, we find that the node
degree shows a near linear increase with the number of routes
that connect to the corresponding station in BTN-H. It is rea-
sonable to deduce that the two measures provide almost the
same information for the node centrality.[17]
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Fig. 9. (color online) Degree-route correlation in BTN-H.

5. Conclusions

In this paper, uplinks and downlinks are separately con-
sidered to investigate the bus transport network of Harbin
(BTN-H). The directed-space P representation model for
BTNs is proposed. BTN-H is described as a directed and
weighted complex network by the new representation model
and by giving each node weights. The topological and
weighted properties are revealed as follows.

In-degree and out-degree distributions, and in-weight and
out-weight distributions are presented as an exponential law,
respectively. It is believed that BTN-H is designed reasonably.
In-degree and out-degree distributions have almost no differ-
ence, illustrating that BTN-H is an approximately symmetri-
cal network. A possible explanation behavior is also revealed
that new stations tend to be connected to the old ones at ran-
dom during the expansion of BTN-H. Out-weight distribution
is more approximate to exponential distribution than in-weight
distribution. That may be because passengers’ departure is
given more consideration than passengers’ arrival as BTN-H
is designed. There is a strong relation between in-weight and
in-degree (also between out-weight and out-degree), in spite
of unavoidable fluctuations. It can also be concluded that the
topological structures of BTN-H are codetermined by passen-
ger production and attraction at each station.

Degree–degree and weight–weight correlations are inves-
tigated to reveal that BTN-H does not have an assortative or
disassortative behavior as the nodes have relatively low de-
gree (or weight), while BTN-H has a disassortative behavior
and the nodes have a growing impact on their neighbors as the
nodes have relatively high degree (or weight). The disparity
distributions of out-degree and in-degree follow an approxi-
mate power-law, inferring that most stations have relatively
homogeneous connections with other stations in BTN-H. Be-
sides, the node degree shows a near linear increase with the
number of routes that connect to the corresponding station. It
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can be deduced that the two measures provide almost the same
information for the node centrality.

These properties revealed in this paper can help public
transport planners to analyze the status quo of the BTN in na-

ture. However, we have only collected peak-hour passenger
production and attraction at each station. We will investigate
the origin–destination (OD) passenger flow in future to explore
more intrinsic properties of BTNs.

Appendix A

Table A1. The station names corresponding to the station numbers shown in Fig. 1.

Station number Station name Station number Station name
1 CHELIANGWENHUAGONG 11 JINGYUSHIERDAOJIE
2 JINGWEISHIDAOJIE 12 SHISIYUAN
3 JINGWEIBADAOJIE 13 JINGYUERSHIDAOJIE
4 DAOLISHIERDAOJIE 14 SONGPUDAQIAO
5 ZHAOLINJIE 15 GENGXINJIE
6 MAIMAIJIE 16 SHIYOUCHANG
7 NANMALU 17 MUCAISHICHANG
8 CHENGDEGUANGCHANG 18 GANGWUJU
9 JINGYUTOUDAOJIE 19 GAOYIJIE

10 JINGYUQIDAOJIE
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