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Abstract: The inter-bank market network models are constructed
based on the inter-bank credit lending relationships, and the
network efficiency characters of the Chinese inter-bank market
are studied. Since it is impossible to obtain the specific credit
data among banks, this paper estimates the inter-bank lending
matrix based on the partial information of banks. Thus, directed
network models of the Chinese inter-bank market are constructed
by using the threshold method. The network efficiency measures
and the effects of random attacks and selective attacks on the
global efficiency of the inter-bank network are analyzed based on
the network models of the inter-bank market. Empirical results
suggest that the efficiency measures are sensitive to the threshold,
and that the global efficiency is little affected by random attacks,
while it is highly sensitive to selective attacks. Properties such as
inter-bank market network efficiency would be useful for risk
management and stability of the inter-bank market.
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fter the innovative research of a small-world network

by Wattz and Strogatz'" and a scale-free network by
Barabasi and Albert™, complex networks have been a gen-
eral method to study common properties of complex systems
in the real world, and have been applied in statistical phys-
ics, social sciences, biological sciences and many other dif-
ferent fields. Recently financial networks have received
much attention mainly as a method to visualize the relation-
ships among financial entities, such as the correlation net-
work of stock price returns’ ', commercial credit among
firms, financial credit from banks to firms and inter-bank
credit'® .

For the inter-bank market, the inter-bank lending relation-
ships, discounts, acceptances, guarantees and other forms
of relationships make it a complex network. In fact, there is
a lot of literature justifying the emergence of the complex
network in the inter-bank market. Some interesting empiri-
cal results are provided by scholars”” who have recently
shown that inter-bank networks present typical characteris-
tics of complex networks, such as being scale-free, having
a hierarchical structure, a small world and a high degree of
heterogeneity. A complete understanding of the structure of
relationships in the inter-bank market is of primary impor-
tance, because it plays a crucial role in the inter-bank conta-
gion risks and domino effects characterized by credit rela-
tionships. The concept of a network can be used to model
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the market for inter-bank lending and to study contagion
risk. Applications of this idea can be found in Refs. [ 10 —
14].

The study of the structural properties of the inter-bank
network is very important in the understanding of its func-
tions as well as the response of the inter-bank market to ex-
ternal factors such as the spreading of unexpected shocks
over the network. However, the concept of efficiency in a
network is strongly related to its structural properties'” """,
Some relevant definitions of the network efficiency are intro-
duced in Ref. [16]. Furthermore, Crucitti et al. "' studied
the influence of error and attack tolerance on the efficiency
of scale-free networks, and found that the global and the lo-
cal efficiency are not affected by the failure of some ran-
domly chosen nodes, though they are extremely sensitive to
the removal of the few nodes which play a crucial role in
maintaining the network’s connectivity.

This paper uses a threshold method to construct directed
network models of the inter-bank market based on the inter-
bank relationships, and then analyzes the Chinese inter-bank
network efficiency properties.

1 Network Modeling of Inter-Bank Market

A network G consists of a non-empty set of elements V
called vertices, and a list of unordered pairs of these ele-
ments called edges E. If i and j are vertices of G, an edge
of the form ij is said to join or connect i and j'”'. Next, we
construct the inter-bank networks based on the inter-bank

lending relationships.
1.1 Computing lending matrix

The lending relationships in the inter-bank market can be
represented by matrix X = (x;) y, -

Xy e Xy e Xy 14y
Xyow=1|: : :
Xy oo Xy wen Xy Gy
Lo L
where X; denotes bank i’s exposure to bank j(x, =0,i=1,
2, ..., N, because a bank cannot be exposed to itself), and

N denotes the number of banks, while g, and [ : denote bank
i’s inter-bank assets and bank j’s inter-bank liabilities re-

N N
spectively, where a, = z x;and [, = z X -
j=1 i=1

In many countries, such as China, the Netherlands and
Germany, we do not know all the information on inter-bank
trading transactions, but we do know the sum of each
bank’s inter-bank loans and deposits. Still, we can estimate
the bilateral exposure matrix by minimizing the entropy'"” .
In order to estimate X, we have to minimize the relative en-
tropy of X with respect to the matrix with elements x?, =al,
for i#j and O for i =},
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with the conventions that x; =0 if and only if x(,.’,. =0,and 0
In(0/0) =0. More details about the above method can be
seen in Ref. [19].

1.2 Constructing the network

Through the calculation of the inter-bank lending matrix,
we can obtain the inter-bank lending size. But the estima-
tion method is biased over the inter-bank market towards a
“complete structure of claims”™', which does not conform
with the actual situation. Therefore, in this paper we use a
threshold method to construct inter-bank networks. The ver-
tices in the inter-bank networks denote banks, and the edge

density between the vertices denotes inter-bank lending rela-
N N

tionships. When the ratio x’,:,., i.e., %,/ Z Z Xy is grea-
==

ter than or equal to the threshold value c € [0, 1], there is
an edge for vertices, or there is not an edge for vertices.
To use the language of graph theory, the inter-bank net-
work can be described as follows: Let graph G(V, E) repre-
sent the inter-bank network, where V and E are the sets of
network vertices and edges, respectively. E is defined as

E:{eif:l
eij=0 i=7

i #jand xj=c

2 Data

For Chinese banks, the amounts of lending in city com-
mercial banks, urban credit cooperatives, rural credit coop-
eratives and postal savings institutions in the inter-bank
lending market are relatively small or the data are difficult to
collect, so the network we construct in this paper does not
include these financial institutions but only includes 3 state
policy banks, 4 state-owned banks and 12 shareholding
banks. The data we use for estimating the inter-bank lending
matrix are from the China Financial Statistical Yearbook in
2008. In this paper, we estimate the inter-bank lending ma-
trix by the LINGO software. As the credit lending data oc-
cupy a large space, this article does not set out many specif-
ic results, but the results are given in related distribution
analyses.

Fig. 1 shows the distribution of ratio x/; in 2007. We can
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Fig.1 The distribution F(x) of ratio x’;

see that most ratios are at intervals of (0, 0.01]. In addition,
it is obvious that the number of edges in the inter-bank net-
work decreases as the threshold value ¢ increases. From Fig.
2, we know that the edge density drops sharply as ¢ increa-
ses, where the edge density of the network represents the ex-
isting edge number divided by the maximal edge number. It
is manifest that the edge density drops sharply from 99. 42%
to 6.43% as c increases from O to 0.01, which similarly
shows that most ratios are at intervals of (0, 0.01].
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Fig.2 The edge density of inter-bank network

3 Empirical Analysis
3.1 Efficiency measures analysis

The concept of efficiency in a complex network plays the
role of measuring its ability of the exchange of information
and its response for the spread of perturbations in diverse ap-
plications. For the inter-bank network, the indices that de-
scribe efficiency mainly include in-efficiency, out-efficiency
and global efficiency.

The in-efficiency and the out-efficiency of the vertices i
are defined respectively as'”’

N N
Z 1/d, Z 1/d,

N-1" N-1

where d; is the minimal number of paths needed to reach
bank i from bank j. The global efficiency of a network can
be defined as''®

1 1
E"U' = AN 1y e

b TON(N - 1) Zj d;
In Fig. 3, we plot the global efficiency as a function of
the threshold ¢, and find that the global efficiency of the in-
ter-bank network decreases as the threshold ¢ increases. The
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Fig.3 Global efficiency of inter-bank market network
under different thresholds
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reason is that the increase of the threshold ¢ makes some ed-
ges disappear and, consequently, excludes some paths that,
before the increase of the threshold ¢, contributed to the
connectivity of the inter-bank network. Fig.4 shows the in-
efficiency and the out-efficiency of vertices when ¢ =
0.000 007 5, 0.000 7 and 0.01. When c¢ equals other val-
ues, we can obtain similar results. As it can be seen, the
in-efficiency and the out-efficiency of vertices are highly af-
fected by the threshold c.
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Fig.4 In-efficiency and out-efficiency of vertices under
different thresholds. (a) In-efficiency of vertices; (b) Out-
efficiency of vertices

3.2 Effects of random attacks and selective attacks

For the inter-bank network, we adopt deleting vertices to
analyze the effect of attacks on its global efficiency, which
corresponds to the bankruptcy of some banks, such as the
bankruptcy of Washington Mutual Bank, Silver State Bank
and other banks in the recent U. S. sub-prime mortgage cri-
sis. We adopt the following two methods of deleting verti-
ces: random attacks and selective attacks. Random attacks
mean removing some vertices from the network in a stochas-
tic manner, while selective attacks refer to removing the
vertices in a certain order, namely, from the vertices with
the largest degree to vertices with comparatively smaller de-
grees and so on. We only analyze the interval [4 x 10 °, 2
x 10’1, because under other circumstances, the networks
are too dense and are not suitable for analysis.

In Fig.5, we plot the global efficiency as functions of the
fraction of removed vertices when ¢ =0. 000 009, 0. 000 075,
0.000 11 and 0.002, where f denotes the fraction of re-
moved vertices. We can see from Fig. 5 that the inter-bank
network shows a highly different behavior with respect to
random attacks and selective attacks. The global efficiency
is little affected by random attacks, while it is highly sensi-

tive to selective attacks. If the threshold is equal to other
values in the interval [4 x 107°, 2 x 107°], the general
rules of global efficiency are not changed. So we only dem-
onstrate the aforesaid four cases in Fig. 5.

The reason for this behavior is rooted in the heterogeneity
of the vertices. The results also indicate that the vertices

with high degrees play an important role in the inter-bank
networks.

1.00
0.95F 7=

0.90 Sye

0.85F ~.

E glob
’

0.80 A

0.75 N
—e— Random attacks N
- - Selective attacks ¥

0.65 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 05 0.6 0.7

t

0.70

(a)

Eglob
o O
wm
T T
,
,
’
’

0.4 ™
—e— Random attacks N
0.3 --+- Selective attacks N

0.2 1 1 1 1 1 1 \7
0 0.1 0.2 0.3 04 05 06 0.7

t
(b)

1.0
0.9&
0.8 Tes

0.7F Taw

0.6 N
0.5
0.4 AN
0.3 v

—e— Random attacks ~
0.2 ——- Selective attacks S~
0.1 : :

0 0.1 0.2

E glob
T

’
4

1
0.3 0.4 0.5 0.6 0.7
t
(e)
0.45-

0.40 F<
0.35F &
0.30 .
0.25F N

= 0.20 F =
0.15+ .

e Random attacks AN
0.05 |

lob

N

--v - Selective attacks v

0 1 1 1 1 1 1 1
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
t
(d)
Fig.5 Effects of random attacks and selective attacks

on global efficiency. (a)c =0.000 009; (b) ¢ =0. 000 075;
(c)e=0.00011; (d)c=0.002
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4 Conclusion

Complex theory is a powerful tool to analyze the func-
tions and structural properties of the inter-bank market. In
this paper, based on the partial information of the inter-bank
market, we construct directed network modes of the inter-
bank market by using a threshold method. Moreover, based
on the data of some Chinese banks, we analyze the Chinese
inter-bank networks. We investigate the effects of random
attacks and selective attacks on the global efficiency of the
inter-bank network. For the global efficiency, we find that
it is comparatively sensitive to selective attacks but it is little
affected by random attacks. This means that the inter-bank
network has a low stability against selective attacks, while it
has a high stability against random attacks. Properties such
as inter-bank network efficiency would also be useful for
risk management and stability of the inter-bank market.
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