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h i g h l i g h t s

• We construct an endogenous firm network to explain the scale-free phenomenon in real firms.
• We explore the impact of network structure on systemic risk.
• We explore the impact of inter-firm micro-behaviors on systemic risk.
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a b s t r a c t

We construct an endogenous network characterized by commercial credit relationships
connecting the upstream and downstream firms. Simulation results indicate that the
endogenous network model displays a scale-free property which exists in real-world firm
systems. In terms of the network structure, with the expansion of the scale of network
nodes, the systemic risk increases significantly, while the heterogeneities of network nodes
have no effect on systemic risk. As for firm micro-behaviors, including the selection range
of trading partners, actual output, labor requirement, price of intermediate products and
employee salaries, increase of all these parameters will lead to higher systemic risk.
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1. Introduction

Modern financial system is highly interdependent due to all sorts of connections and forms a complex network.
Interconnection between financial institutions not only brings many economic benefits, but also leads to shock transmit
through the financial network to form systemic risk. The global financial crisis triggered by the subprime crisis in 2007 is a
typical example. Nearly more than ten years, network theory has developed rapidly and provides a new perspective for the
study of financial systems.

In earlier study, there are a lot of literatures on the banking system. Scholars have studied various topological structures
of banking system in different countries. For instance, Boss et al. [1] find that the network topology of the Austrian interbank
market has a small-world property. Inaoka et al. [2] prove that the Japanese banking network is a scale-free network.
Soramaki et al. [3] also discover that the network structure of the banking payments transferred between commercial banks
in US has a scale-free property. Toivanen [4] suggests that the Finnish interbank network has a structure with multiple
liquidity centers, which is also present in the interbank market of Germany [5], Hungary [6], Belgium [7] and Brazil [8].

In recent years, researchers have turned to construct models to explain the formation of networks and study banking
systemic risk through simulations. For instance, According to a fitness algorithm and banking balance sheets, Montagna
and Lux [9] present scale-free banking networks. Lux [10] propose an endogenous banking network based on the partner
selection mechanism, which displays a core–periphery structure. Based on the game theory, Baral [11] presents an
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endogenous banking network and analyzes the risk of contagion resulting from an external shock hitting the banking
system. According to the portfolio of risky and riskless investments, Georg [12] develops a dynamic multi-agent model of a
banking system and compares different forms of systemic risk. Bluhm and Krahnen [13] propose a network model whose
interconnections are governed by bank balance sheets and analyze multiple sources of systemic risk in a SVAR regime.
Aymanns and Georg [14] propose a model of contagious synchronization of banks’ investment strategies and show that
when banks choose similar investment strategies the financial system becomes vulnerable to common shocks.

As for firm system, scholars have also applied network theory to carry out relevant researches. At present, there are
many empirical studies on network structures, especially regard to Japanese firms. In the study of Japanese firm network
with 961318 nodes and 3667521 edges, Ohnishi et al. [15] argue that the average path length is 5.62 and themaximum path
length is only 21, which indicates that the inter-firm network has a small-world property. Watanabe et al. [16] find that the
inter-firm trading network is a scale-free network based on the actual data of one million Japanese firms. Mizuno et al. [17]
also discover the customer–supplier network is scale-free based on the actual data of more than 500000 non-financial firms
in Japan. In addition, Golo et al. [18] prove that Italian trading credit network forms scale-free network. Mizuno et al. [19]
also suggest that the structure of global inter-firm relationships is scale-free containing information of 412814 firms. There
aremany other significant studies in this area, such as Ohnishi et al. [20], Fujiwara and Aoyama [21], Miura et al. [22], Tamura
et al. [23], Inoue [24], etc.

For the research of firm systemic risk, there are many empirical researches, such as Billio et al. [25], Diebold and
Yılmaz [26], Kerste et al. [27], Chen et al. [28], Nucera et al. [29], Acharya et al. [30], etc. Furthermore, scholars began to
adopt simulations to study the systemic risk of firms. For instance, based on the balance sheets of firms, Iyetomi et al. [31]
develop an agent-based model and the results suggest that fragile firms with a low equity ratio are strongly influenced by
the bankruptcy of the large firm. Gatti et al. [32] propose a credit network whose links are governed by firms’ optimizing
partner selection and it proves that when a shock hits a significant group of agents in the credit network, companies with
high leverage may have high probability of collapse. Henriet et al. [33] construct an input–output model of firm network
system which discovers that the risk of an economic systemic failure depends on direct losses heterogeneity and network
structure.

In summary, the existing literatures study the firm systemic risk mainly from the perspectives of financial indicators
and exogenous shocks. This paper constructs an endogenous network model of firm system, where inter-firm linkages are
established based on the partner selection mechanism in the process of firm business activities. The contributions of this
paper are that we construct an endogenous firm network to explain the scale-free phenomenon in real firms and explore
the impact of network structure and inter-firm micro-behaviors on systemic risk. The remainder of this paper is organized
as follows. Section 2 describes the endogenous network model of firm system. In Section 3 we discuss the main simulation
results, and Section 4 concludes.

2. The model

In this paper, we consider two types of firms, including upstream firms (indexed by j = 1, 2, . . .) and downstream firms
(indexed by i = 1, 2, . . .). Upstream firms produce intermediate products. Downstream firms obtain intermediate products
through commercial credit and produce final products. Upstream and downstream firms connect with each other through
intermediate products and form the networks of commercial credit relationships. This model refers to the study of Gatti
et al. [32]. The differences lie in the set of the price of intermediate product, the interest rate of bank loan, the initial networth
of firms and especially the inter-firmmatchingmechanism in which we only consider the price of intermediate product and
neglect the factor of lending rates. Furthermore, this paper assumes that firms do not necessarily get all the funds they need
from banks. This model is divided into five phases that are explicitly described as follows.

The first phase is output calculation. At time t, each firm z calculates the desired output according to following equation.

Y desired
zt = ϕAβ

zt (1)

where ϕ > 1, 0 < β < 1 are parameters, uniform across firm z (z = i for downstream firms, z = j for upstream firms) and
Azt is the net worth of firm z.

For the downstream firm i, its productive level is bound by the supply capacity of the intermediate products provided by
the upstream firms and the level of their own labor force. So the output of downstream firm i is determined by the following
formula.

Yit = min(Qit/χ, Lit/δ) (2)

whereχ > 0, δ > 0 are parameters,Qit represents the output of intermediate production,χ is the conversion factor between
intermediate production and actual production, Lit denotes labor requirement and δ is the labor required per unit of output.

Therefore, the intermediate production and employment of each downstream firm can be computed as follows.

Q desired
it = χϕAβ

it (3)

Ldesiredit = δϕAβ

it (4)
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