Science and Technology and Social ‘\
Development Proceedings Series m P

Article

2024 International Conference on Education, Economics, Management,
and Social Sciences (EMSS 2024)

Research on the Application of Network Analysis Methods in
Macroeconomics

Shijie Sun 1*

Published: 01 October 2024

Copyright: © 2024 by the authors.
Submitted for possible open access
publication under the terms and
conditions of the Creative Commons
Attribution (CC  BY) license
(https://creativecommons.org/license

s/by/4.0/).

1 Imperial College London, South Kensington, London SW7 2AZ, UK
* Correspondence: Shijie Sun, Imperial College London, South Kensington, London SW7 2AZ, UK

Abstract: This paper explores the application of network analysis methods in macroeconomics, fo-
cusing on its role in international trade, financial systems and industrial chains. Network analysis
reveals complex interactive relationships that are difficult to capture in traditional models by con-
structing connections between economic entities, especially in policy transmission and systemic risk
identification. This paper reviews in detail how network structure affects policy transmission effects,
and explores the contribution of network analysis to policy effect evaluation, especially in crisis
management and risk prevention and control. Studies have shown that network analysis methods
can help identify key nodes in the economic system, optimize policy design, and improve the sys-
tem's risk resistance, thereby providing scientific support for macroeconomic policy making.
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1. Introduction
1.1. Research background and importance

In the context of the increasingly complex and highly interconnected global economy,
traditional macroeconomic analysis tools have been unable to effectively capture the com-
plex interactive relationships between economies. With the rapid development of net-
work science, network analysis methods have gradually been applied to the field of eco-
nomic research, especially in macroeconomics, to describe and analyze the connections
and interactions between different economic entities (such as countries, enterprises, and
markets) [1]. Network analysis methods can help reveal economic phenomena and system
behaviors hidden in traditional economic models by constructing node and connection
relationships. This method can effectively capture the interdependence and influence be-
tween various entities in the macroeconomic system, thereby better understanding the
dynamic changes and transmission mechanisms of the global economic system [2].

In recent years, network analysis methods have achieved remarkable results in the
study of international trade, financial markets, and industrial chains. For example, by con-
structing a global trade network, we can reveal the trade structure and the importance of
various countries in the global economy, and then analyze the transmission path of trade
shocks [3]. In the financial system, network analysis helps reveal the systemic risks of in-
terbank lending and financial institutions and their contagion effects in financial crises [4].
In addition, industrial chain analysis also shows that the supply chain links between dif-
ferent industries and enterprises have an important impact on macroeconomic stability
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and policy making [5]. Therefore, studying network analysis methods in macroeconomics
is not only of academic significance, but also can provide strong support for the formula-
tion of economic policies, especially in economic crisis early warning and global economic
governance.

1.2. Research Objectives

This paper aims to systematically review the application of network analysis meth-
ods in macroeconomics. By combing through the specific application scenarios of this
method in different fields (such as international trade, financial markets, and labor mar-
kets), this paper analyzes its advantages in revealing the complex dynamic characteristics
of economic systems. In addition, this paper will also explore how network analysis meth-
ods can effectively make up for the shortcomings of traditional macroeconomic models,
especially in dealing with global economic uncertainty and risk management. Through
research, this paper hopes to provide new analytical tools and ideas for future macroeco-
nomic policy making, especially how to optimize policy effects under complex economic
relations and transmission mechanisms. At the same time, this paper will propose further
research directions for the challenges and limitations of existing network analysis meth-
ods in macroeconomic applications.

2. Theoretical Review of Network Analysis Methods
2.1. Basic Principles of Network Analysis Methods

The core principle of network analysis methods comes from graph theory. By con-
structing individuals or entities (i.e., nodes) and their interactions (i.e., edges) in the sys-
tem into a network structure, the global characteristics and local behaviors of the system
can be studied [6]. In macroeconomics, network analysis methods are often used to con-
struct complex relationship maps between economies, such as trade links between coun-
tries or capital flows between financial institutions. The basic concepts of network analysis
include nodes, edges, weights, degree distribution, and clustering coefficients [7]. These
concepts can be used to measure the importance, interdependence, and overall structural
characteristics of each subject in an economic system.

An important feature of network analysis is that it can reveal systemic characteristics
that cannot be discovered by traditional analysis methods. For example, the centrality in-
dex of a network can measure the influence of a subject in the entire system, thereby help-
ing to identify key nodes in the economic system [8]. In addition, the topological structure
of the network can also provide insights into the resilience and vulnerability of the system.
In particular, when facing external shocks, the connection mode and concentration in the
network will have an important impact on the system's resilience [9]. These characteristics
make network analysis methods show a wide range of application prospects in the field
of economics, especially in the study of complex economic systems.

2.2. Development of network analysis methods in economics

Applications of network analysis methods in economics started in the second half of
the 20th century. Accelerated globalization increased the complexity of economic systems
that gradually led to turning attention towards the application of network methods in
analyzing complex economic systems. Early research focused on the structural analysis of
international trade and financial networks. Thus, scholars unraveled the linkage of coun-
tries with financial institutions and had thus acquired much knowledge in developing a
system of international economy and its possible hazards [11]. In the related area of inter-
national trade networks, studies exposed that global trade is not divided in a well-spread
manner but it greatly concentrated in few so-called hub countries which serve as a linking
point in the entire global trade system [12].
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With increased computational power and wide use of big data in recent years, net-
work analysis methods have been further applied to real-world economics. The latest re-
searches are not limited to the simple analysis of network structure but integrate dynamic
network analysis and multi-layer network models in an attempt to more comprehensively
capture the different levels and dimensions of complex interaction in the economic system
[13]. Dynamic network analysis has allowed researchers to trace the process of system
evolution over time, and the model of multi-layer networks has enabled them to analyze
several interconnected networks within the economic system simultaneously, such as the
interaction between commodity market networks and financial market networks [14]. Ag
gypsum continuous development of these methods has contributed to the large-scale use
of network analysis methods in the area of macroeconomic research.

2.3. Comparison between network analysis and traditional macroeconomic models

Compared with traditional macroeconomic models, network analysis methods have
significant advantages, especially in studying the complexity and interdependence of eco-
nomic systems. Traditional macroeconomic models are usually based on a series of as-
sumptions, such as perfect market competition and instant price adjustment, which are
often difficult to establish in the real economy [15]. Network analysis can more effectively
reflect the real operation of the economic system, as it concerns the actual and direct con-
nections within the economic entities of the system. For example, in the studies on the
financial crisis, most traditional macroeconomic models fail to effectively capture the in-
teraction among financial institutions with each other and their contribution to systemic
risk. Network analysis methods may well spot a potential weak node and transmission
path of systemic risk in the system by benchmarking the structure of the network among
financial institutions [16].

In addition, traditional macroeconomic models usually rely on averaging and sim-
plified assumptions, making it difficult to deal with heterogeneity in the system. Network
analysis is naturally suitable for dealing with heterogeneity in complex systems. By dif-
ferentially processing nodes and edges in the network, it can identify important heteroge-
neous features in the system [17]. This method can not only reveal the global characteris-
tics of the macroeconomic system but also go deep into the micro level, analyzing the
impacts that individual economic entities have on the overall system. In a nutshell, net-
work analysis methods make up for many deficiencies of traditional macroeconomic mod-
els in complex economic system studies and provide new tools and perspectives for un-
derstanding the complexity of the global economic system.

3. Overview of the application of network analysis methods in macroeconomics
3.1. Network analysis in international trade

Network analysis plays an important role in international trade research, helping to
reveal the trade links between countries and their positions in the global trade network.
In the international trade network, countries are regarded as nodes and trade flows as
edges. Such a network structure can reveal the complex pattern of global trade and the
role and influence of countries in the global supply chain [18]. For example, studies have
shown that a few hub countries occupy a central position in the global trade network, and
the trade activities of these countries have an important impact on the stability of the
global economy [19]. Through network analysis, scholars can analyze the concentration
of trade structure, the centrality of countries and their transmission path to global trade
shocks. For example, when the economy of a core country encounters an external shock,
network analysis can help predict the transmission path of the shock and its impact on the
global economy [20].

What's more, the development process of the international trade network reflects the
dynamism of the global trading system change. For example, with the increasing domestic
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market size, throughout the adjustment process in recent decades, the global trade net-
work has been gradually shifting the balance of power from traditional developed coun-
tries to the emerging market country. All these changes reflect the readjustment of global
economic structure and reorganization of trade pattern [21]. Analysis from this perspec-
tive provides an important basis for the formulation of international economic policies. In
particular, network analysis provides an effective tool for analyzing the potential impact
of trade wars or tariff policies on global supply chains and economic stability.

3.2. Network applications in financial systems

Network analysis methods in financial systems have become a key tool for studying
systemic risks and financial crises. Financial networks usually consist of financial institu-
tions (such as banks) as nodes and lending relationships as edges. Through this network
structure, the flow of funds and interdependencies between banks can be analyzed. Net-
work analysis has outstanding advantages in understanding the fragility of the financial
system and the contagion of systemic risks [22]. For example, studies have found that the
high concentration and connectivity in financial networks increase the possibility of sys-
temic risks, because the bankruptcy of certain core financial institutions may be transmit-
ted through complex networks and quickly affect the entire system [23].

Network analysis can be done in a new perspective in order to understand the con-
tagion mechanism of financial crisis in the light of the 2008 global financial crisis. By ana-
lyzing the network connections among the financial institutions, researchers can reveal
which one of the institutions plays the role of "super spreader” in the crisis and analyze
how bankruptcy or crisis events spread to the entire financial system through the network
structure [24]. In addition, network analysis can also contribute to the evaluation of reg-
ulatory policies of financial markets. For example, the simulation of the structural change
of financial networks under different regulatory policies enables the forecasting of policy
effects on the stability of the financial system [25]. In general, network analysis in the fi-
nancial system has become a major approach to identifying financial risks and optimizing
regulatory policies.

3.3. Labor Market and Industrial Chain Network Analysis

Network analysis methods have also played an increasingly important role in the
study of labor markets and industrial chains. In the labor market, network analysis can
help reveal the employment connections and flow patterns of different industries or re-
gions. For example, studies have shown that certain industries play a "hub" role in the
employment network. The rise and fall of these industries not only directly affects their
own employment situation, but also affects the employment opportunities of related in-
dustries through network effects [26]. Through network analysis, we can better under-
stand the complex impact path of economic fluctuations on the employment market,
thereby providing a basis for the formulation of labor market policies.

In industrial chain network analysis, the supply chain is taken as a complex network
structure, in which enterprises are nodes, whose supply associations are edges. Based on
this structure, important enterprises and industries in the supply chain can be identified.
The bankruptcy or production interruption of these enterprises may trigger a chain reac-
tion effect in the supply chain through network effects, thus influencing the whole eco-
nomic system [28]. Apart from this, industrial chain network analysis can be further used
in supplying more scientific bases for policymakers by investigating the influence of pol-
icies on supply chains.

4. The role of network analysis methods in macroeconomic policies
4.1. The impact of network structure on policy transmission

Network structure plays a vital role in the transmission of macroeconomic policies.
The interconnections between different economies constitute a complex network system,
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and the impact of policies is often not limited to the direct target objects, but is transmitted
to other economic entities through the network structure. This phenomenon is particu-
larly evident in the transmission process of monetary and fiscal policies. For example,
when the central bank implements monetary policy, the credit relationship and capital
flow between financial institutions constitute an important channel for policy transmis-
sion [29]. The centrality of certain nodes in the network structure determines their role in
policy transmission. Financial institutions or enterprises with high centrality can absorb
policy impacts more quickly and transmit them to other nodes. This makes the hub nodes
in the network a key target for policy implementation [30].

Node E

N

Node B

—Node D

Node C

Figure 1. Network Analysis: Policy Transmission and Systemic Influence.

Figure 1 shows the key role of core nodes in policy transmission in network analysis.
Core nodes affect the policy transmission path of the entire system through connections
with other nodes, thus highlighting their systemic influence in the economic system. This
helps to understand how to optimize the policy implementation effect through network
structure.

In addition, network analysis reveals the nonlinear effects and potential systemic
risks in policy transmission. In highly complex economic networks, some policies may
produce unexpected transmission effects. For example, some edge nodes in the network
may be amplified by the policy through indirect paths in the network, leading to fluctua-
tions in the economic system. This complexity places higher demands on policymakers,
requiring them to fully consider the characteristics of the network structure and potential
risk transmission paths when formulating and implementing policies [31].

4.2. Contribution of network analysis to policy effect evaluation

Network analysis methods provide new tools and perspectives for evaluating the
effects of macroeconomic policies. Traditional policy evaluation methods usually rely on
statistical analysis and regression models, while network analysis can more deeply reveal
the transmission paths and action mechanisms of policies in complex economic systems.
For example, in the evaluation of the effects of fiscal stimulus policies, network analysis
methods can evaluate the correlation between different industries by constructing an in-
dustrial chain network, thereby determining how the policy effects of a certain industry
are transmitted to other industries through the supply chain [32]. This makes the evalua-
tion of policy effects no longer limited to direct beneficiaries, but can fully consider the
indirect effects and systemic impacts of policies.

In practical applications, studies have found that different characteristics of network
structures may significantly affect the effects of policies. For example, in a trade network,
if the target of a policy is at the center of the network, its scope of influence may far exceed
that of other nodes. This finding has prompted policymakers to pay more attention to the
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importance of hub nodes in the network, thereby optimizing policy implementation strat-
egies [33]. Through network analysis, policymakers can also identify bottlenecks and ob-
stacles that may occur in the policy transmission process, so as to make more targeted
adjustments to improve the efficiency and effectiveness of policy implementation [34].

4.3. Crisis management and risk prevention from a network perspective

The application of network analysis in crisis management and risk prevention has
received increasing attention, especially in the process of dealing with systemic risks and
financial crises. The network structure in the economic system determines the transmis-
sion path and diffusion speed of the crisis. The failure of certain key nodes or edges in the
network may trigger systemic risks and spread rapidly to the entire system [35]. For ex-
ample, research on the 2008 global financial crisis showed that the high degree of inter-
connectedness between financial institutions exacerbated the transmission speed of the
crisis, and network analysis tools can help identify those nodes that are critical to the
transmission of systemic risks, thus providing an important basis for crisis management
[36].

In terms of risk prevention, network analysis provides a quantitative assessment
method for system resilience and vulnerability. By identifying key nodes and vulnerable
links in the economic system, policymakers can strengthen risk prevention and control in
these links in a targeted manner. For example, analysis of supply chain networks shows
that globalization has deepened the interdependence between different countries and re-
gions, which makes it possible for disruptions in certain industries to quickly affect the
global economy through network effects [37]. Therefore, network analysis methods pro-
vide data support for formulating more effective crisis response strategies, helping poli-
cymakers take preventive measures before a crisis occurs and reduce the probability of
systemic risks [38].

5. Conclusion

This study explores the application of network analysis methods in macroeconomics
and draws some important conclusions. First, network analysis provides a new perspec-
tive for understanding the complex relationships in economic systems. Compared with
traditional macroeconomic models, network analysis can better demonstrate the intercon-
nections and their impacts between economies, especially in international trade and fi-
nancial systems, and can help us more clearly identify key nodes and potential systemic
risks. Second, network structure has an important impact on the transmission effect of
policies. Different nodes play an unequal role in policy transmission, and central nodes
often play a key role, determining the scope and depth of policy influence. Therefore, un-
derstanding the key nodes in the network is crucial for optimizing policy design and im-
proving policy effectiveness.

Finally, network analysis also plays a significant role in crisis management and risk
prevention. By analyzing the network structure, we can identify weak links in the system
earlier and take measures in advance to prevent the spread of the crisis. This method pro-
vides policymakers with more data and insights, enabling them to respond more accu-
rately to complex economic environments and potential crises. Overall, network analysis
methods provide powerful tools for the research and practice of macroeconomics, and
also provide new ideas for future policy making.
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