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Abstract

Through a comprehensive analysis of Shanxi Province’ s industrial development
status using input-output tables and extended input-output tables from 2002
to 2015, the 42 sectors in the input-output tables were aggregated based on the
characteristics of Shanxi’s industrial development. Input-output indicators were
employed to track and describe Shanxi’ s industrial development status, while
diffusion sensitivity coefficients and diffusion capacity coefficients were adopted
to track the evolving patterns of key industries in economic development. The
entropy index was utilized to measure the degree of industrial diversification
in Shanxi Province, enabling quantitative tracking and evaluation of Shanxi’ s
industrial diversification development process. Simultaneously, social network
analysis methods were applied to construct an input-output association network
diagram for Shanxi Province, providing an intuitive examination of industrial
linkages and industrial development clusters in Shanxi. The results indicate
that Shanxi Province’ s industrial diversification process was hindered during
2002-2015, and by 2015, two important industrial clusters had formed: one cen-
tered on the coal resources industry and the other centered on the construction
industry.
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Abstract: China is a resource-rich country with abundant resources in many
provinces. However, resource-based provinces rely excessively on resource devel-
opment to drive their economies, leading to a singular economic structure that
cannot achieve sustainable development. Therefore, resource-based provinces
should develop industrial diversification in a timely manner to form a pattern
of common development across multiple industries. As a typical resource-based
province, Shanxi’ s economy is particularly dependent on resource-based indus-
tries. This paper takes Shanxi Province as a case study to comprehensively
examine its industrial diversified development. First, according to the charac-
teristics of resource-based economic development in Shanxi, 42 industries were
merged into 22 industry categories. Then, through input-output tables and
extension tables from 2002 to 2015, we comprehensively analyzed Shanxi’ s in-
dustrial development. We found that the total input ratio in the coal resources
industry was significantly higher than in other industries in recent years, with
the non-coal resources industry ranking second. From the perspective of inter-
mediate input ratio, the construction industry maintained a high level, followed
by the non-coal resources industry. Secondly, according to the diffusion in-
duction coefficient and diffusion influence coefficient, we tracked the changing
patterns of key industries in economic development. In 2002, the diffusion in-
fluence coefficients of the coal resources industry and consumer goods industry
were not obvious. By 2015, the coal resources industry, non-coal resources indus-
try, consumer goods industry, equipment manufacturing industry, and material
chemical industry had become key sectors of industrial development in Shanxi
Province. The financial industry and transportation industry had changed from
leading industries to non-leading industries, while changes in other industries
were not very obvious. Thirdly, the service industry was merged into 13 in-
dustries. We then used the entropy index to measure the degree of industrial
diversification in Shanxi Province from 2002 to 2015. The results showed that
Shanxi’ s industrial structure had gradually become more concentrated over
time and the industries had become more specialized. Finally, using social net-
work analysis and according to certain mathematical processing and constraints,
we constructed Shanxi Province’ s input-output correlation diagram to visually
examine the associations and development patterns of various industries. We
found that two important industrial clusters had formed in 2015: one domi-
nated by the coal resources industry and supported by non-coal resources indus-
try, equipment manufacturing industry, transportation industry, and finance
industry; the other dominated by the construction industry and supported by
non-coal resources industry and material chemical industry. After more than
ten years of development, Shanxi’ s industrial development had become more
concentrated and formed industrial clusters led by the coal industry and con-
struction industry, with development focusing on these two clusters.
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1 Introduction

The input-output table is an important tool for analyzing industrial structure
and economic development. Based on the input-output tables and extension
tables of Shanxi Province from 2002 to 2015, this study examines the industrial
development patterns of this resource-based province. Previous research has
extensively studied resource-based economies. Vanderhoeke [1] analyzed the re-
source curse phenomenon and its mechanisms. Woolcock [2] discussed the social
foundations of poor economic growth in resource-rich economies, noting that ex-
cessive resource dependence leads to industrial structure singularization. Perez
[4] examined resource-based development strategies, while Bryan [5] studied the
advantages and challenges of resource-based economies.

Recent domestic research has also made significant progress. Studies [12, 13]
have analyzed industrial diversification in resource-based regions, exploring
pathways for economic transformation. The entropy method has been widely
applied to measure industrial diversification, providing quantitative tools for
analyzing industrial structure evolution.

This paper employs three analytical methods: First, using input-output tables
to calculate total input ratios and intermediate input ratios across industries;
second, applying the entropy index to measure the degree of industrial diver-
sification; and third, utilizing social network analysis to visualize industrial
associations and identify cluster patterns.

2 Methodology
2.1 Data Sources and Processing

The study uses input-output tables and extension tables for Shanxi Province
from 2002, 2007, 2012, and 2015. The 42 original industries were consolidated
into 22 categories based on resource-based economic characteristics. The service
industries were further merged into 13 categories for diversification analysis.

The input-output relationship can be expressed as:

day+N,=X; (j=12,....n)
=1
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where z;; represents intermediate input from industry ¢ to industry j, N; is

value-added, and X is total output.

2.2 Entropy Index Method

The entropy index measures industrial diversification by calculating the disper-
sion of industrial linkages. For each industry ¢, we first calculate the proportion
of its output to industry j:

Then we compute the entropy value:

n b b
Si= _Z (n”> In (nU)
=\ 2o bij 251 big

where S; represents the entropy of industry ¢, with higher values indicating
greater diversification.

We also calculate diffusion coefficients: - Forward diffusion coefficient: f; =
Z:;l bij 27:1 le

Industries are classified into four types based on these coefficients: - Type A:

f; <1, f; > 1 (basic industries) - Type B: f; > 1, f; > 1 (key industries) - Type

C:f; <1, fi<1 (non-key industries) - Type D: f; > 1, f; <1 (final demand

industries)

- Backward diffusion coefficient: f; =

2.3 Social Network Analysis

Social network analysis examines industrial relationships as networks where
nodes represent industries and edges represent input-output linkages. Using
mathematical processing and constraint conditions, we construct correlation di-
agrams to visualize industrial clusters and their evolution.

3 Results and Analysis
3.1 Input-Output Structure Analysis

shows the input-output structure of Shanxi Province. The total input ratio
represents the proportion of intermediate inputs to total output. The coal re-
sources industry consistently shows the highest ratio, reaching 31.3% in 2012
before declining to 22.6% in 2015. The non-coal resources industry ranks second,
with ratios between 10-13%.

presents the total input ratios for all industries. The construction industry
maintains high intermediate input ratios around 70-80%, indicating its strong
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backward linkages. The non-coal resources industry also shows high intermedi-
ate input ratios, reflecting its integrated role in the industrial chain.

details intermediate input ratios by industry. The coal resources industry shows
ratios of 69-79%, significantly higher than other sectors. The consumer goods
industry has relatively low ratios of 25-54%, suggesting weaker industrial link-
ages.

3.2 Industrial Diversification Analysis

Using the entropy index, we measured diversification across 13 service indus-
tries from 2002 to 2015. shows the entropy values, which decreased over time,
indicating that Shanxi’ s industrial structure became more concentrated and
specialized. The entropy index declined from higher values in 2002 to lower
values by 2015, particularly for the coal resources industry and construction
industry, which became increasingly dominant.

3.3 Social Network Analysis

The social network analysis reveals two major industrial clusters formed by 2015
[Figure 1: see original paper]. The first cluster is centered on the coal resources
industry, with strong linkages to non-coal resources industry, equipment man-
ufacturing, transportation, and finance. The second cluster is dominated by
construction industry, supported by non-coal resources industry and material
chemical industry.

These clusters demonstrate that Shanxi’ s industrial development has become
more concentrated around these two poles. The network analysis shows dense
connections within each cluster but relatively weak connections between them,
indicating a dualistic industrial structure.

4 Conclusion

This comprehensive analysis of Shanxi Province’ s industrial development from
2002-2015 reveals several key findings. First, the coal resources industry main-
tains dominant linkages, though its influence has slightly declined. Second,
industrial diversification has decreased, with structures becoming more special-
ized and concentrated. Third, social network analysis identifies two distinct
industrial clusters centered on coal and construction industries. These findings
suggest that resource-based economies like Shanxi face challenges in achieving
balanced diversification and may be developing new forms of industrial concen-
tration.
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Note: Figure translations are in progress. See original paper for figures.
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