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Abstract

In the 12th Five-Year Plan period, Sichuan province has selected strategic emerging

industries such as new-generation information technology, new energy, high-end equip-

ment manufacturing, new materials, biology, energy conservation and environmental pro-

tection. However, its strategic emerging industries are still in the stage of cultivation and

development, and there are some problems such as low industrial agglomeration and

obvious industrial restructuring. In essence, this is because the focus of the development

of strategic emerging industries is not clear enough, and the location advantages are not

fully utilized to select the most suitable strategic emerging industries for the development

of the region. This paper constructs a regional strategic emerging industries selection

decision model, applies ARCGIS to study the spatial distribution of strategic emerging

industries in Sichuan province, and uses fuzzy comprehensive evaluation method

(FCEM) and analytic hierarchy process (AHP) to solve the priority of developing strategic

emerging industries. Conclusions: Firstly, Sichuan province should give priority to the

development of new generation information technology industry and new energy vehicle

industry, then high-end equipment manufacturing industry, energy-saving and environ-

mental protection industry and new energy industry, and finally biological industry and

new material industry. The larger the coefficient of influence is, the higher the comprehen-

sive score is, while the larger the coefficient of sensitivity is, the lower the comprehensive

score is. Secondly, the number of enterprises in the new-generation information technol-

ogy industry and the new energy vehicle industry is still not dominant in Sichuan province.

Finally, the study found that the current development of strategic emerging industries in

Sichuan province is extremely unbalanced in various regions, and the phenomenon of

competition and reconstruction is obvious.
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Introduction

Strategic emerging industries are based on major technological breakthroughs and major

development needs, and represent the direction of a new round of scientific and technological

revolution and industrial transformation. Accelerating the development of strategic emerging

industries is an important measure to implement the innovation-driven development strategy

and advance supply-side structural reform. Since the outbreak of the international financial

crisis, major countries in the world have sought solutions to the crisis and accelerated the plan-

ning and distribution of strategic emerging industries to release more space for economic

development and foster new economic growth points. Specifically, the U.S. has formulated the

"American Innovation Strategy" and the "Retooling American Manufacturing Framework" to

support the development of clean energy, bioengineering, nanotechnology, and smart grid.

The European Union has put forward the Strategic Plan on Energy Technology and the Euro-

pean Economic Recovery Plan, focusing on supporting and developing materials and new

product technology, nano engineering, and agricultural bioengineering. In the UK, there are

"Shaping Britain’s Future" and "Digital Britain", which pay more attention to low-carbon econ-

omy, life sciences, digital economy, cash manufacturing and financial services. Not to be out-

done, Japan has put forward a low-carbon Social Action Plan and a New Growth Strategy for a

Glorious Japan, aiming to make breakthroughs in environment-friendly vehicles, electric vehi-

cles, and the application of information technology for solar power generation. Adhering to

the basic principle of the development of strategic emerging industries, China has established

seven strategic emerging industries, including energy conservation and environmental protec-

tion, new generation information technology, biology, high-end equipment manufacturing,

new energy, new materials, and new energy vehicles, according to the meaning and character-

istics of strategic emerging industries and in combination with the experience of foreign

emerging industry selection.

During the 12th Five-Year Plan period, Sichuan province selected strategic emerging indus-

tries such as new-generation information technology, new energy, high-end equipment

manufacturing, new materials, biology and energy conservation and environmental protec-

tion. In 2015, the total output value of Sichuan’s strategic emerging industries reached 567.15

billion yuan, 2.5 times that of 2010, accounting for 13.9% of the province’s total output value

of industries above designated size, 4.5 percentage points higher than that of the same period

in 2010. It should be said that the strength of strategic emerging industries in Sichuan province

has been significantly enhanced, which has played a very important role in stabilizing growth,

adjusting structure, promoting transformation, and benefiting people’s livelihood. But at the

same time, during the 13th Five-Year Plan period, Sichuan province shoulders the glorious

mission of revitalizing the west, with arduous tasks and heavy responsibilities. At present, Sich-

uan Province has created a good institutional and policy environment for the development of

strategic emerging industries, but its strategic emerging industries are still in the cultivation

stage, and there are many problems, such as incomplete industrial chain, weak industrial sup-

port ability, weak industrial independent innovation ability, low industrial added value, weak

market cultivation and industrial competitiveness. These problems are essentially due to the

irrationality of the spatial layout of strategic emerging industries. When [1] studied the layout

of strategic emerging industries by taking Beijing as an example, he believed that the problems

in the spatial layout of China’s strategic emerging industries were mainly reflected in the fol-

lowing aspects: Firstly, the agglomeration degree of industrial spatial distribution was not

high; Secondly, inter-regional industrial restructuring phenomenon (It refers to the phenome-

non of the same industrial function, similar structure and repeated construction in various

regions) is more obvious; Thirdly, the industrial development environment is out of sync with
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industrial planning. In addition, we believe that the development of strategic emerging indus-

tries in various regions still has the problems of seeking quick success and instant benefits,

over-relying on scale expansion, and not closely combining the regional advantages in the

choice of industries.

Therefore, it is necessary to conduct a more in-depth analysis of the spatial layout of strate-

gic emerging industries, study which factors will affect their spatial layout, and build a rela-

tively complete decision-making system for the layout of related industries, and provide

necessary guidance for the selection of regional strategic emerging industries in practice.

The following parts of this paper are arranged as follows: Section 2 makes a literature review

related to this research; Section 3 describes the materials and methods used in the study, and

the results and discussion sections are carried out in sections 4 and 5 respectively; Section 6

draws the conclusion of this paper.

Literature review

Strategic emerging industries were first proposed in The State Council Strategic Emerging

Industries Development Symposium in 2009, and then in 2010, The State Council’s Decision

on Accelerating the Cultivation and Development of Strategic Emerging Industries (hereinaf-

ter referred to as the Decision) was issued. It has formally defined strategic emerging industries

as "industries with intensive knowledge and technology, low consumption of material

resources, great growth potential and good comprehensive returns based on major technologi-

cal breakthroughs and major development needs, which play a leading role in overall eco-

nomic and social development and long-term development."

There is still not unified standard for the definition of strategic emerging industry in Chi-

na’s theoretical circle. [2] believes that strategic emerging industries are linked with national

economic and social development and industrial structure upgrading, and have the character-

istics of overall, long-term, guiding, and dynamic. This shows that strategic emerging indus-

tries play a vital role in the long-term development of the country and the overall direction of

the national economy. [3] understood the connotation of strategic emerging industries from

three aspects: "breakthrough technological innovation", "strategic" and "serving national strate-

gic objectives". Based on international and domestic typical cases, [4] analyzes the advantages

and disadvantages of Zhoushan Marine strategic emerging industries in China, determines the

selection criteria, studies the development direction and methods of Zhoushan Marine strate-

gic emerging industries, and builds a hierarchical cultivation system of strategic emerging

industries. [5] uses the fuzzy optimization theory to select the regional central industry as the

regional strategic emerging industry, and tries to optimize the weight calculation of multi-level

fuzzy comprehensive evaluation to obtain more accurate results. [6] adopts SWOT analysis to

study the talents of strategic emerging industries in Henan Province. [7] used Logistic model

to characterize the life cycle of strategic emerging industry clusters. A scale-free evolution

model based on the growth rate and grey number optimization of strategic emerging industry

cluster is introduced to analyze the stable state of strategic emerging industry cluster network.

Most scholars agree that vigorously developing strategic emerging industries can improve

technological innovation ability and regional competitiveness. The strategic emerging industry

refers to the industry with high technology content, low resource consumption, great growth

potential and good comprehensive benefits.

The industrial layout is affected by many factors such as historical conditions, technological

knowledge, and environmental factors. Industrial layout, also called industrial distribution

and industrial allocation, refers to the distribution and organization of industries in a certain

regional space. Simply put, the problem of industrial layout is "where to produce". [8] pointed
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out that the spatial layout of strategic emerging industries is a process in which the spatial

"fragmented" distribution of the industrial value chain, the positioning of core value activities

and functions and collaborative development are carried out based on the characteristics of

strategic emerging industries and regional advantages. This paper holds that industrial spatial

layout is an activity that rationally plans people’s productive activities in geographical space

through points, lines, and planes to obtain better benefits.

Strategic emerging industry, from its literal point of view, is strategic industry and emerging

industry. Outside China, the term "Emerging Industries" and "Strategic Industry" is commonly

used, but there is no specific "Strategic Emerging Industry". [9] calculated the distribution of

patents through the location entropy method, and the study showed that patents, technology

licensing and product diversity all affect the regional distribution of patents. [10] used social

network analysis to account for the spatial diffusion process of technological innovation. [11]

discussed the extent to which the spatial distribution of economic promotes innovation. Using

patent data of India from 1999 to 2007, it was concluded that R&D expenditure, diversity of

industrial distribution and human capital endowment had a crucial impact on innovation

through quantitative analysis. [12] discussed six regional development institutions in Canada,

adopted the perspective of organizational learning to explain the shift of technological para-

digm, and combined the traditional regional economic research model with the multi-level

governance of government intervention to explain the causes of regional spatial change and

development in Canada. [13] analyzed the spatial distribution characteristics and preferences

of green industries in South Korea by using panel data from 2006 to 2012, and pointed out that

such emerging industries are more likely to gather in areas where traditional manufacturing

industries exist. [14] studied the spatial distribution pattern of traditional industry and innova-

tive industry in Indonesia, believing that innovative industry is more dependent on human

resources and financial diversification and tends to be distributed in large cities. This paper

mainly studies the layout of strategic emerging industries, and it is a decision-making problem

to choose which industries to pay attention to. Research on strategic emerging industries also

includes financing efficiency, such as [15–17], technological innovation efficiency research,

such as [18–21].

In China, most of the research on strategic emerging industries focus on the qualitative dis-

cussion of their connotation, characteristics, existing problems and policy suggestions, and the

quantitative calculation of the degree of agglomeration, regional distribution, and spatial dis-

tribution of strategic emerging industries. According to the classification of strategic emerging

industries (Trial) compiled by the National Bureau of statistics, [22] selected 18 categories of

strategic emerging industries, and then analyzed the agglomeration degree and evolution

trend of China’s strategic emerging industries by using the geographical concentration index

method. The author also investigated the regional distribution characteristics and put forward

the spatial layout plan of "one belt, two regions and multiple points" of China’s strategic emerg-

ing industries. [23] studied the efficiency of China’s strategic emerging industries by using

data envelopment analysis, analyzed the spatial relevance of strategic emerging industries, and

carried out spatial econometric statistical modeling for manufacturing and service industries

respectively according to the relevant results. [24] analyzed the spatial differences of China’s

regional circulation industry by using Theil coefficient and the dynamic evolution of the

industrial center of gravity and the population center of gravity, and analyzed the spatial corre-

lation of China’s regional circulation industry by using Moran’s I index and Moran scatter

plot. Finally, the influencing factors of regional circulation industry development are analyzed

by using traditional panel data and spatial panel data. [25] used a spatial econometric model to

calculate the influencing factors of innovation clusters in 31 provinces, autonomous regions,

and municipalities directly under the Central Government in China.
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Fuzzy logic was proposed by [26] to deal with uncertainties of non-quantitative or statistical

nature. Fuzzy concept is widely used in uncertainty models in real life. This method has been

applied to management, economy, policy, engineering, and other fields. [27] used FCEM to

evaluate venture capitalists’ projects and AHP to determine the weight of evaluation factors.

[28] applied entropy FCEM to the evaluation of power system black start scheme, which is very

important for the rapid recovery of the power system. [29] also utilized FCEM to evaluate the

performance of state-owned enterprises. The Delphi method and entropy weight method are

used to determine the weight of each variable and evaluate the performance of four state-owned

enterprises in the field of real estate and project management. FCEM is an approach based on

fuzzy logic that can model the subjective speech responses of different experts ([30]). FCEM is

one of the multi-stage evaluation techniques used to organize, analyze, and evaluate complex

decisions. It is especially used in group decision-making to obtain the decision most suitable for

understanding potential problems. FCEM uses fuzzy logic to systematically evaluate undefined

real-world systems. FCEM consists of the weight of the evaluation factor subset, the comment

set and the members of the factor set.

Commonly used multi-criterion decision-making (MCDM) methods include Best Worst

Method (BWM), Complex Proportional Assessment (COPRAS), Weighted Aggregates Sum

Product Assessment (WASPAS), Simultaneous Evaluation of Criteria and Alternatives (SECA),

Method based on the Removal Effects of Criteria (MEREC), Evaluation Based on Distance from

Average Solution (EDAS), Technique for Order of Preference by Similarity to Ideal Solution

(TOPSIS) and AHP. Best worst method (BWM) is a multi-criterion decision-making method,

which uses two comparison vectors to determine the weight. The decision maker determines the

best and worst standards, then compares the best standard with other standards and compares

other standards with the worst standard. Then, the nonlinear min max model is used to identify

the weight, so as to minimize the maximum absolute difference between the weight ratio and its

corresponding comparison ([31, 32]). The model may produce multiple optimal solutions.

Because the method is still relatively new, it is not commonly used in practical application.

COPRAS was first proposed by [33]. It can use for multi-criteria evaluation of maximization and

minimization of criteria values. This method considers the influence of maximization and mini-

mization criteria on evaluation results respectively ([34]). This approach assumes that the impor-

tance and usefulness of the version under investigation are proportional to the standard system

that adequately describes the alternatives and the value and weight of the criteria ([35]). The

WASPAS approach is a combination of the Weighted Sum Model (WSM) and the Weighted

Product Model (WPM) ([36]). This method was proposed by [37]. Because of its mathematical

simplicity and ability to provide more precise results, it is now widely accepted as an effective

decision-making tool. [38] proposed a new method to cope with multi-criteria decision prob-

lems, namely SECA. The purpose of this method is to identify both the overall performance

score of the alternative and the weight of the criteria. [39] introduced a new method, MEREC, to

determine the objective weight of criteria. This method adopts a novel criterion weighting idea.

The method utilizes the removal effect of each criterion on the overall performance of alterna-

tives to calculate the criterion weight. [40] proposed a multi-criteria inventory classification eval-

uation method based on Distance from Average Solution (EDAS). TOPSIS is a value-based

compensation method proposed by [41], which orders alternatives according to their distance

from two reference points, namely ideal (positive ideal) and the lowest point (negative ideal)

alternatives. However, the TOPSIS method does not examine the relative importance of these

distances, which is a limitation ([42]). Most of the above MCDM methods are relatively new,

which provides an important reference for enriching MCDM methods. However, considering

the universality of use, these methods are not used in this study. FCEM is based on fuzzy mathe-

matics, applying the principle of fuzzy relation synthesis, quantifying some factors with unclear
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boundaries that are difficult to be quantified, and comprehensively evaluating the subjection

level of the evaluated things from multiple factors. The advantages of FCEM method are: the

mathematical model is simple and easy to master, especially the evaluation effect is better for

multi-factor and multi-level complex problems, which are difficult to be replaced by other math-

ematical branches and models. Its characteristic lies in that the evaluation is carried out one by

one, and has a unique evaluation value for the evaluated object, which is not subject to the object

set of the evaluated object. This model is widely used, and the practical model using fuzzy com-

prehensive evaluation has achieved good economic and social benefits in many aspects.

The AHP, proposed by [43], is a method to assess the relative importance of projects based on

the weight distribution of criteria. AHP is one of the earliest, most widely used and most mature

MCDM methods. This method is easy to understand and easy to operate, which is also one of the

reasons why this method is selected in this paper. AHP and FCEM are widely used in multi-criteria

fuzzy synthesis, such as [44–46] and so on, all used AHP to calculate the weight of fuzzy compre-

hensive evaluation. [47] used FCEM and AHP methods to establish a comprehensive framework

for evaluating the suitability of sustainable development of Lianyungang coastal reclamation proj-

ect. The evaluation results are in good agreement with marine pollution data and water quality.

[48] applied AHP and FCEM to train effectiveness evaluation engineering, constructed a standard

system based on AHP theory, and introduced the concept of fuzzy optimization. The results show

that this method is an effective method. To identify and classify risks and uncertainties in the soft

beverage supply chain, [49] developed a fuzzy analytic hierarchy process (FAHP) and FCEM to

evaluate these risks. The results show that the overall risk level of the soft drink supply chain is in

the middle and low level, with the highest risk level of demand and the lowest risk level of infra-

structure. [50] applied FCEM and AHP to evaluate the smart tourist attraction of HongShan Zoo,

a popular tourist attraction in China. Based on the above advantages and characteristics of FCEM

and AHP method and the universality of combining both methods, we also use FCEM and AHP

method to study the priority of the layout of strategic emerging industries in Sichuan province.

Materials and methods

Decision model

As the decision-making mechanism of the layout of strategic emerging industries is a top-

down process dominated by the government and supplemented by the market, it is necessary

to follow such decision-making mechanism when establishing the selection model of strategic

emerging industries. Assume that the set of industry choices made by a level is: A = (a1, a2, . . .,

an), n is the number of selected industries. Decision makers at this level need to make decisions

on the spatial layout of n types of industries, and analyze the suitability of location conditions

of subordinate regions at this level for alternative industries by assuming fixed industrial con-

ditions, so that each type of alternative industries has a location priority selection order.

For example, for industry a1, the ranking of suitability of subordinate regions at this level to

select this industry is Ca1
¼ c11; c12; . . . ;C1mð Þ,m is the number of subordinate regions. There-

fore, the result of the industrial layout scheme of this level is represented by the matrix

X ¼

c11 c12 � � � c1m
c21 c22 � � � c2m

..

. ..
.
� � � ..

.

cn1 cn2 � � � cnm

2

6
6
6
6
6
4

3

7
7
7
7
7
5

:
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The resources of each region are always limited, and it is impossible to distribute a certain

alternative industry to all the subordinate regions of this level. Therefore, it is assumed that the

region that each category of industry can be distributed is i, 1� i�m. The number of indus-

tries that each region can choose to lay out is j, 1� j� n.

For any industry as, the decision scheme that the decision hierarchy arranges to deploy

to the subordinate region is Y = [cs1, cs2, . . ., csi], Industry as should be distributed to the

subordinate areas of the hierarchy in an order of c1 to ci, with similar results for other

industries. In practical decision making, is likely to appear this kind of circumstance, the

subordinate area ci, condition is good, lead to all types of industries are chose to the region,

more than the number of industries can decorate the area j, at this time will need to select

the target area for all types of industries to sort, select one of the j industry, namely

Yci ¼ a1i; a2i; . . . ; aji
h i

. At the same time, due to the poor geographical conditions of some

subordinate regions, no industry may choose to be arranged in this region, at this point,

industries that are not fully arranged in i locations should be sorted and selected according

to their suitability. It is assumed that the number of times subordinate region cr is selected

by industries is zero, and the set of all industries that have not arranged i locations is A0 ¼

a0
1
; a0

2
; . . . a0

t

h i
t is the number of industries. Therefore, the set of industry priority order

that region cr can choose is Ycr ¼ a1r
0; a2r

0; . . . ; atr 0½ �, where the former j item is the industry

that subordinate region cr can choose to deploy.

Evaluation method

Variables. The decision of the regional industry selection is made by the level of district

and county. District and county decision-makers regard the location conditions as fixed val-

ues, analyze the layout conditions of different industries, and evaluate each alternative industry

by selecting certain indicators, to further clarify the industry types that can be discussed at the

level of district and county. When selecting evaluation indexes, regional factors are not consid-

ered, only the factors of the industry itself are considered. This paper selects the life cycle of the

industry, the degree of mutual influence of the industry, the degree of industrial agglomera-

tion, the effect of industrial development and the ability of industrial innovation as the evalua-

tion index of the analysis and research. The establishment of the index system in this paper

mainly refers to [51] research on the layout of strategic emerging industries in Beijing.

(1) The life cycle of the industry. Different districts and counties have different resource

endowment conditions and industrial carrying capacity, so they put forward specific require-

ments for industries in different industrial life cycles. This paper reflects the life cycle of the

industry by three indexes: the growth rate of industrial output value, the growth rate of fixed

assets scale and the growth rate of industrial employment scale.

In different industrial life cycles, the total output value is constantly changing, usually ris-

ing, and then falling. The growth rate of industrial output value selected in this paper is the

total output value of the current year compared with the total output value of the previous

year. If the ratio is greater than 1, the total industrial output value increases, otherwise, the

total output value decreases.

Growth rate of industrial output value ¼
gross industrial output value of the industry in the current year
gross industrial output value of the industry in the previous year

ð1Þ

Whether an industry has growth can be reflected by the growth and change of fixed assets

scale. In general, firms increase investment in the early stages of industrial life, when fixed
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assets grow relatively fast. After reaching the mature stage, industrial investment is relatively

stable, and the growth of fixed assets becomes gentle. Therefore, this index can be chosen to

analyze the life stage characteristics of the industry.

Growth rate of fixed assets scale ¼
value of fixed assets in the current year
value of fixed assets in the previous year

ð2Þ

The principle of this indicator is the same as that of the above indicators, both of which

grasp that the demand of the industry will be different in different life cycles. When the indus-

try is in the growth stage, its demand for labor force is very strong.

Growth rate of industrial employment scale ¼
number of industrial employment in current year
number of industrial employment in previous year

ð3Þ

(2) Degree of interplay between industries. We know that everything in the world is univer-

sally connected, and the industrial development in the economic society is no exception. The

development of the industry itself will not only have a certain impact on other related indus-

tries, but also is bound to be affected by the development of other industries. Usually we use

influence coefficient and sensitivity coefficient to reflect this kind of impact and the degree of

being affected ([52]).

Coefficient of influence represents the change degree of output level of other industries

caused by every change of one unit in i industry. Aij is the coefficient on row i and column j of

the Leontief matrix (I−A)−1. Influence coefficient refers to the spread degree of production

demand to all sectors of the national economy when a certain product sector adds a unit of

final product. The greater the coefficient of influence, the greater the pulling effect of this sec-

tor on other sectors.

Coefficient of influence ¼ Ei ¼

Xn

i¼1

Aij

1

n

Pn

i¼1

Pn

j¼1

Aij
i ¼ 1; 2; . . . ; n; j ¼ 1; 2; . . . ; nð Þ ð4Þ

Coefficient of sensitivity is used to represent the change degree of output level of i industry

caused by every change of one unit in j industry.

Coefficient of sensitivity ¼ Fi ¼

Xn

j¼1

Aij

1

n

Pn

i¼1

Pn

j¼1

Aij
i ¼ 1; 2; . . . ; n; j ¼ 1; 2; . . . ; nð Þ ð5Þ

(3) Degree of industrial agglomeration. The agglomeration of industry will bring the

agglomeration economic benefit, that is, the high benefit produced by the concentration of

production factors such as labor and capital. Industrial agglomeration can continuously absorb

funds and talents from the outside, continuously export new products, and create more

employment opportunities, which is what district and county level decision-makers want to

see. This paper uses location entropy and spatial Gini coefficient to reflect the agglomeration

degree of this industry.

Location entropy, also known as specialization rate, is used to measure the spatial distribu-

tion of elements in a region, reflect the degree of specialization of an industrial sector, and the
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status and role of a region in a high-level region. The calculation formula is

EI ¼
qi

Xn

i¼1

qi =
Qi

Xn

i¼1

Qi

ð6Þ

Where, qi represents the output value level or number of employees of industry i in a

region, and
Xn

i¼1

qi represents the output value level or number of employees of all industries in

the region. Qi represents the output value level or number of employees of all industries in the

country, and
Xn

i¼1

Qi represents the output value level or number of employees of all industries

in the country.

Lorenz created a Lorenz curve to account for the average degree of social distribution when

studying residents’ income distribution. Gini, based on Lorentz curve, proposed a statistical

index to calculate the fairness of income distribution-Gini coefficient. Krugman et al. Con-

structed a spatial Gini coefficient to measure the degree of spatial distribution equilibrium of

the industry by using the principles and methods of Lorentz curve and Gini coefficient. [53]

et al. defined the spatial Gini coefficient when studying the measurement of manufacturing

agglomeration degree in the United States, and the calculation formula is

G ¼
X

i

Si � xið Þ
2

ð7Þ

Where, G is the spatial Gini coefficient, xi is the proportion of the number of employed per-

sons in a region in the total number of employed persons in China, and Si is the proportion of the

number of employed persons in industry i in a region in the total number of employed persons

in this industry in China. When G = 0, the spatial distribution of industries is uniform, the larger

G (maximum value = 1) is, the higher the degree of industrial agglomeration in the region is.

(4) Industrial development effect. Whether an industry is suitable for development of a

region depends on whether the industry can bring the necessary effects to regional develop-

ment. This paper mainly studies the industrial development effect from three aspects: eco-

nomic effect, environmental effect, and the social effect, and only one index is selected

respectively to discuss.

Industry profit rate can reflect the profitability of the industry and whether it can create

value for investors. Here, it is mainly uses to measure the economic benefits of an industry. In

addition to this indicator, the total labor productivity can also be selected. The total labor pro-

ductivity is the product production per unit time of each employee calculated according to the

product value. It is the comprehensive expression of the enterprise’s production technology

level, operation and management level, staff’s technical proficiency and labor enthusiasm

([54]).

Industry profit rate ¼ total annual profit of the industry=net asset investment of the industry ð8Þ

Energy consumption per unit added value reflects the amount of energy consumed by an

industrial industry for every 1000 yuan of industrial added value.

Energy consumption per unit added value

¼
energy consumption of the industry generally refers to tons of standard coalð Þ

industrial added value of the industry
ð9Þ
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Number of employees in unit added value links the industrial added value of the industry

with the number of jobs, and measures how many jobs can be provided by the unit industrial

added value, which reflects a social effect.

Number of employees in unit added value ¼
average number of employees in the industry

annuel added value of the industry
ð10Þ

(5) Industrial innovation capability. Innovation is the engine for the sustainable develop-

ment of the industry. Only through continuous innovation can the industry accumulates

wealth and develops gradually. In this paper, the proportion of R&D expenditure, the propor-

tion of R&D personnel and the industrial added value per capita of R&D personnel are chosen

to describe the innovation capability of the industry.

Proportion of R & D expenditure ¼
annual R & D expenditure of the industry

total annual operating revenue of the industry
ð11Þ

Proportion of R&D personnel ¼
number of R&D personnel in the industry

average total number of employees in the industry
ð12Þ

Per capita industrial added value of R&D personnel ¼
added value of the industry in the year

number of R&D personnel
ð13Þ

Methods. Fuzzy comprehensive evaluation method (FCEM) is a comprehensive evalua-

tion method based on fuzzy mathematics. According to the membership theory of fuzzy math-

ematics, the comprehensive evaluation method transforms qualitative evaluation into

quantitative evaluation, that is, fuzzy mathematics are used to make an overall evaluation of

things or objects restricted by many factors. It has the characteristics of clear results and strong

systematicness. It can better solve the fuzzy and difficult to quantify problems, and is appropri-

ate for the solution of various uncertain problems.

Fuzzy comprehensive evaluation usually includes three aspects. Suppose there are n factors

related to the evaluated thing, and we record it as U = {u1, u2, . . .,un}, which is called the factor

set. Suppose that allm possible comment sets, denoted by V = {v1, v2, . . .,vm}, are called judg-

ment sets. Due to the different status and functions of each factor, it is usually considered to be

measured by weight, which is recorded as A = {a1, a2, . . .,an}.
For the factor set weight vector A = {a1, a2, . . .,an}, this paper uses AHP to determine it.

AHP consists of the following five steps

1. Determine the research object and target;

2. Set the hierarchy according to the factors of the target;

3. Establish judgment matrix and solve it;

4. Consistency inspection; According to the solution of the eigenvalue problem of matrix A,

AW ¼ lmaxW, normalization is carried out: CI ¼ lmax� n
n� 1

, Then calculate the random consis-

tency ratio CR ¼ CI
RI, RI is the average random consistency index. When CR < 0:10, it can

be considered that the test has passed and the weight calculation result is valid.

5. According to the calculation results, determine the weight of the index system.

The methods and steps of fuzzy comprehensive evaluation are briefly introduced below

1. Deterministic factor set U = {u1, u2, . . .,un};
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2. Determine the evaluation set V = {v1, v2, . . .,vm};

3. ri = {ri1, ri2, . . .,rim} obtained by single factor evaluation;

4. Construct comprehensive evaluation matrix

R ¼

r11 r12 � � � r1m
r21 r22 � � � r2m
� � � � � � � � � � � �

rn1 rn2 � � � rnm

2

6
6
6
6
4

3

7
7
7
7
5

5. Comprehensive evaluation: For weight A = {a1, a2, . . .,an}, calculate B = A ◦ R and make

judgment according to the princple of maximum membership degree.

Research steps.

1. Determining evaluation factors, Set U = {u1, u2, . . .,um} to representm evaluation indexes

of the evaluated object. Since five evaluation indexes are determined in this paper, U = {u1,

u2, . . .,u5}, u1 is the life cycle of the industry, u2 is the degree of industrial interaction, u3 is

the degree of industrial agglomeration, u4 is the effect of industrial development, and u5 is

the ability of industrial innovation.

2. Determination of evaluation grade, S = {s1, s2, . . .,sn} is the possible evaluation level of each

index factor. Four grades are determined in this paper, S = {s1, s2, s3, s4} means S = {Not suit-

able, Suitable, More suitable, Very suitable}.

3. Construct the evaluation matrix and determine the weight. Firstly, the single-factor evalua-

tion is carried out. Starting from um (m = 1, 2, . . ., 5), the membership degree of each evalu-

ation grade sj (j = 1, 2, 3, 4) is rmj, so the single-factor evaluation set rm = (rm1, rm2, rm3, rm4)

can be obtained. The fuzzy relation R from U to S of each evaluated object can be obtained

by combining five first-level evaluation indexes, i.e.

R ¼ rmj
� �

5�4
¼

r11 r12 r13 r14

r21 r22 r23 r24

� � � � � � � � � � � �

r51 r52 r53 r54

2

6
6
6
6
4

3

7
7
7
7
5
:

Combined with the above established secondary evaluation index system, the following hierar-

chy analysis structure table (Table 1) can be obtained. The hierarchical analysis structure can

also be represented by a figure, as shown in Fig 1.

The weight of the criterion layer to the target layer isWA. According to the AHP,WA is

required to construct the paired comparison matrix A of the criterion layer first. When com-

paring the importance of the i-th element and the j-th element relative to a factor in the upper

layer, it is described by the quantitative relative weight aij. if there are n elements involved in

the comparison, A = (aij)n × n is called the paired comparison matrix. The value of aij in the

pairwise comparison matrix can be assigned according to the scale in Table 2 below with refer-

ence to [55]’s proposal. aij is taken in the middle of 1–9 and its reciprocal.

Characteristics of pairwise comparison matrices, aij > 0; aij ¼ 1

aji
, when i = j, aij = 1.
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According to this principle, this paper constructs the following pairwise comparison matrix

A of criterion layer factors relative to the target layer

A ¼

1
1

2

1

3

1

4

1

4

2 1
1

2

1

3

1

4

3 2 1
1

2

1

3

4 3 2 1
1

2

4 4 3 2 1

2

6
6
6
6
6
6
6
6
6
6
6
6
6
4

3

7
7
7
7
7
7
7
7
7
7
7
7
7
5

:

The maximum eigenvalue λmax = 5.1022 of the matrix. CI ¼ lmax� n
n� 1
¼ 5:1022� 5

5� 1
¼ 0:0225,

which measures the degree of inconsistency of the matrix A.

According to relevant data, the average random consistency index RI = 1.0959 and random

consistency ratio CR ¼ CI
RI ¼

0:0255

1:0959
¼ 0:0233 < 0:1 of A can be obtained, so the inconsistency

degree of A is acceptable. The eigenvector corresponding to the maximum eigenvalue is

[0.1257, 0.1869, 0.3075, 0.5037, 0.7753].

Therefore,WA = [0.0662, 0.0984, 0.1619, 0.2652, 0.4082].

Similarly, m1 ¼

1 3 2

1=3 1 1=2

1=2 2 1

2

6
4

3

7
5, λmax = 3.0092, CI = (λmax− 3) / 2 = 0.0046, After investi-

gation, RI = 0.58, CR = CI / RI = 0.0079 < 0.1, soWu1
¼ ½0:5396; 0:1634; 0:2969�.

Table 1. Hierarchy analysis structure table.

Target layer Criterion layer Scheme layer

Regional strategic emerging industry

selection model (A)

The life cycle of the industry

(u1)

the growth rate of industrial output

value (u11)

the growth rate of fixed assets scale (u12)

the growth rate of industrial

employment scale (u13)

Degree of interplay between

industries (u2)

Coefficient of influence (u21)

Coefficient of sensitivity (u22)

Degree of industrial

agglomeration (u3)

location entropy (u31)

spatial Gini coefficient (u32)

Industrial development effect

(u4)

Industrial profit rate (u41)

Energy consumption per unit added

value (u42)

Number of employees in unit added

value (u43)

Industrial innovation capability

(u5)

Proportion of R & D expenditure (u51)

Proportion of R&D personnel (u52)

Per capita industrial added value of

R&D personnel (u53)

https://doi.org/10.1371/journal.pone.0264578.t001
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u2 ¼
1 4

1=4 1

" #

, λmax = 2, CI = 0, RI = 0< 0.1,Wu2
¼ ½0:8000; 0:2000�. u3 ¼

1 3

1=3 1

" #

,

λmax = 2, CR = 0< 0.1,Wu3
¼ ½0:7500; 0:2500�.

u4 ¼

1 1=5 1=4

5 1 3

4 1=3 1

2

6
4

3

7
5; lmax ¼ 3:0858;CR ¼ 0:0740 < 0:1;Wu4

¼ ½0:0936; 0:6267; 0:2797�:

u5 ¼

1 4 2

1=4 1 1=3

1=2 3 1

2

6
4

3

7
5; lmax ¼ 3:0183;CR ¼ 0:0158 < 0:1;Wu5

¼ 0:5584; 0:1219; 0:3196½ �:

Fig 1. Analytic hierarchy process structure diagram.

https://doi.org/10.1371/journal.pone.0264578.g001

Table 2. Scale and meaning of pairwise comparison matrix.

Symbol Meanings

aij = 1 Element i and element j are of the same importance to the factors of the previous level

aij = 3 Element i is slightly more important than element j
aij = 5 Element i is more important than element j
aij = 7 Element i is much more important than element j
aij = 9 Element i is quite important compared to element j
aij = 2n, n = 1, 2 3, 4 The importance of element i over element j is between aij = 2n − 1 and aij = 2n + 1

https://doi.org/10.1371/journal.pone.0264578.t002
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Therefore, it can be concluded that the weight of each scheme layer relative to the target

layer isWA = [0.0357, 0.0161, 0.0197, 0.0787, 0.0197, 0.1214, 0.0405, 0.0248, 0.1662, 0.0742,

0.2279, 0.0498, 0.1305]

Delphi Method is a structured decision support technology. Its purpose is to obtain relatively

objective information, opinions, and perspectives through independent and repeated subjective

judgments of several experts in the process of information collection. The characteristic of the

Delphi method is that the experts whose opinions are sought to express their opinions anony-

mously, and the experts cannot discuss with each other and do not have horizontal contact, so

as to avoid the convergence of expert opinions to a few influential experts. In this paper, the

standard value of each index is determined by the Delphi method, that is, after scoring by

experts, membership function is established after sorting. In this paper, 30 experts from relevant

government departments, industry and academia were invited to score the standard values of

the selected evaluation indicators of strategic emerging industries through emails and letters.

Three rounds of surveys were conducted, and 18 valid survey data were finally obtained.

Not suitable (s1)

ri1 ¼

1; x � a1

a2 � xð Þ= a2 � a1ð Þ; a1 < x < a2

0; x � a2

8
><

>:

Suitable (s2)

ri2 ¼

a3 � xð Þ= a3 � a2ð Þ; a2 < x < a3

x � a1ð Þ= a2 � a1ð Þ; a1 < x < a2

0; x � a1; x � a3

8
><

>:

More suitable (s3)

ri3 ¼

a4 � xð Þ= a4 � a3ð Þ; a3 < x < a4

x � a2ð Þ= a3 � a2ð Þ; a2 < x < a3

0; x � a2; x � a4

8
><

>:

Very suitable (s4)

ri4 ¼

0; x � a3

x � a3ð Þ= a4 � a3ð Þ; a3 < x < a4

1; x � a4

8
><

>:

Where, the value of a1, a2, a3, a4 is as follows (Table 3).

Results

Data acquisition and processing

This paper selects the input-output table of 42 departments in Sichuan province in 2012 (the

data are from the official website of the Sichuan Provincial Bureau of Statistics) as the basic

data for the calculation of relevant indicators. Limited to space, only the coefficient of sensitiv-

ity and coefficient of influence are listed here. The calculation results are given in table in S1

Appendix.

What we want to analyze is the influence coefficient and sensitivity coefficient of strategic

emerging industries. Therefore, we need to connect 42 departments with strategic emerging
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industries. A class of strategic emerging industries may involve multiple departments. Here,

the average method is used to get the coefficient of influence and coefficient of sensitivity of

corresponding strategic emerging industries. The calculation results are presented in Table 4.

Where, NGITE: New generation information technology industry; NEVI: New energy vehi-

cle industry; HEEMI: High-end equipment manufacturing industry; NEI: New energy indus-

try; BI: Biological industry; NS&EPI: Energy saving and environmental protection industry;

NMI: New material industry. The same goes for the following.

According to Fig 2, it can be clearly seen that NEVI industry have the highest coefficient of

influence, while NEI and NMI industry has high coefficient of sensitivity. This indicates that

the NEVI industry has a great impact on other related industries, and the industry may be in

the upstream of the industry. However, NEI and NMI industries are greatly affected by their

related industries and are in the lower reaches of the industry.

For other relevant indicators, calculate the data of 42 departments according to the statisti-

cal yearbook, and then calculate the relevant indicators of strategic emerging industries

through weighted average and other methods according to the relationship between strategic

emerging industries and 42 departments.

Development layout of strategic emerging industries

Using the data of China’s industrial enterprise database, China’s industrial economic statistical

yearbook, Sichuan statistical yearbook, Sichuan Science and technology statistical yearbook

and other data, the corresponding evaluation index values of the seven categories of strategic

Table 3. Critical value of membership degree of each evaluation index.

standard a1 a2 a3 a4

growth rate of industrial output value 0.95 1.08 1.2 1.3

Growth rate of fixed assets scale 0 1 1.1 1.25

Growth rate of industrial employment scale 0 1 1.1 1.2

Coefficient of influence 0.6 1 1.1 1.3

Coefficient of sensitivity 0.6 1 2 2.5

Location entropy 1.2 1.6 2 2.5

Spatial Gini coefficient 0.0004 0.001 0.002 0.004

Industrial profit rate 0.05 0.1 0.2 0.3

Energy consumption per unit added value 0.8 1 1.5 2

Number of employees in unit added value 1 3 5 10

Proportion of R&D expenditure 0.005 0.01 0.02 0.05

Proportion of R&D personnel 0.02 0.05 0.1 0.2

Per capita industrial added value of R & D personnel 150 200 350 500

https://doi.org/10.1371/journal.pone.0264578.t003

Table 4. Coefficient of influence and coefficient of sensitivity of strategic emerging industries.

Industry Coefficient of influence Coefficient of sensitivity

NS&EPI 1.0849 0.7721

BI 1.1301 1.1118

NMI 1.1837 1.1759

NEI 1.1428 1.1854

HEEMI 1.2257 0.6529

NGITE 1.1653 0.7085

NEVI 1.2314 0.7175

https://doi.org/10.1371/journal.pone.0264578.t004
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emerging industries selected in this paper are calculated. The calculation results are shown in

Table 5.

Fig 2. Coefficient of influence and coefficient of sensitivity of each industry.

https://doi.org/10.1371/journal.pone.0264578.g002

Table 5. Evaluation results of strategic emerging industries selection.

Index system NS&EPI BI NEI HEEMI NGITE NMI NEVI

u11 1.0585 0.9970 1.0944 0.9806 1.0756 0.9805 1.0583

u12 1.0128 1.0019 1.0042 1.1987 1.1878 1.0009 1.0099

u13 1.0709 1.0070 1.1496 0.9803 1.0788 1.0261 1.0360

u21 1.0849 1.1301 1.1837 1.1428 1.2257 1.1653 1.2314

u22 0.7721 1.1118 1.1759 1.1854 0.6529 0.7085 0.7175

u31 1.7889 1.5465 1.5537 1.3133 1.6207 1.7972 1.8554

u32 0.0039 0.0013 0.0009 0.0006 0.0013 0.0016 0.0005

u41 0.1325 0.1156 0.0689 0.1211 0.0879 0.0854 0.1572

u42 1.0582 1.3428 1.3524 0.5391 0.7318 1.0823 0.6812

u43 3.6722 3.9326 2.7660 3.1288 4.8367 5.4877 2.9429

u51 0.0090 0.0082 0.0065 0.0116 0.0123 0.0072 0.0121

u52 0.0331 0.0389 0.0357 0.0340 0.0578 0.0336 0.0348

u53 280.8123 321.9320 506.0854 255.2974 264.0095 162.1386 328.5579

https://doi.org/10.1371/journal.pone.0264578.t005
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Taking the above calculation results into the corresponding membership function, the

membership of each evaluation index of each industry to the evaluation set can be obtained,

and seven evaluation matrices R can be obtained, as shown in Table in S2 Appendix.

Based on this, this paper uses the weightWA calculated earlier to multiply the above seven

R matrices withWA to obtain the evaluation result matrix of seven industries. After normaliza-

tion, it is shown in Table 6.

In order to further make a reasonable decision, this paper chooses to assign a value to the

corresponding judgment (Table 7).

Therefore, the score of weighted average comprehensive evaluation is finally calculated as

the basis for industrial selection. The results are shown in Table 8 and Fig 3.

The order of industrial types listed in Table 8 according to the comprehensive score is the

priority of strategic emerging industries in Sichuan province obtained in this paper. This

paper holds that Sichuan province should be a priority for the development of new generation

information technology industry and new energy vehicle industry, followed by high-end

equipment manufacturing, energy conservation and environmental protection, new energy,

and other industries. Grasp the development opportunities of information technology upgrad-

ing and industrial integration, expand and strengthen advantageous industries by breaking

through high-end links and key technologies, cultivate new business forms, improve basic

products, realize the transformation of the province’s new generation of information technol-

ogy industry from large to strong, form an industrial cluster with strong competitiveness, and

seize the commanding height of the development of information technology industry. Fig 4

shows that the coefficient of influence and coefficient of sensitivity have different influences

on the comprehensive score of strategic emerging industries. Specifically, the larger the coeffi-

cient of influence is, the higher the comprehensive score is, while the larger the coefficient of

sensitivity is, the lower the comprehensive score is. The reason for this is inextricably linked to

the concepts of coefficient of influence and coefficient of sensitivity. The coefficient of influ-

ence is the degree to which an industry influences other industries, while the coefficient of sen-

sitivity is the extent to which an industry is influenced by other industries. This also confirms

the rationality of our choice of these two indicators to choose the layout of strategic emerging

industries.

Discussion

Spatial distribution status

This paper uses industry codes to classify strategic emerging industries and national economic

industries to establish a corresponding relationship. Although it cannot be guaranteed to be

completely correct, it is considered that this is adequate for empirical analysis. During the 12th

Five Year Plan period, Sichuan province scientifically selected strategic emerging industries

Table 6. Industrial evaluation result matrix table.

Not suitable Suitable More suitable Very suitable

NS&EPI 0.0903 0.4811 0.3903 0.0383

BI 0.1388 0.5712 0.2783 0.0117

NEI 0.2270 0.4881 0.1126 0.1723

HEEMI 0.1674 0.4752 0.1647 0.1926

NGITE 0.0242 0.4993 0.2526 0.2239

NMI 0.3010 0.3197 0.3465 0.0327

NEVI 0.0806 0.4170 0.2856 0.2168

https://doi.org/10.1371/journal.pone.0264578.t006

PLOS ONE Strategic emerging industry layout based on analytic hierarchy process and fuzzy comprehensive evaluation

PLOS ONE | https://doi.org/10.1371/journal.pone.0264578 March 4, 2022 17 / 28

https://doi.org/10.1371/journal.pone.0264578.t006
https://doi.org/10.1371/journal.pone.0264578


such as new generation information technology industry, new energy, high-end equipment

manufacturing, new materials, biology, energy conservation and environmental protection,

and achieved fruitful results in recent years, forming a certain strategic emerging industrial

cluster with competitive advantages, becoming an important new generation information

technology, high-end equipment manufacturing, new materials Energy conservation and envi-

ronmental protection industry base. In 2015, the total output value of strategic emerging

industries was 567.15 billion yuan, 2.5 times that of 2010; Accounting for 13.9% of the total

output value of industries above Designated Size in the province, an increase of 4.5 percentage

points over 2010. When studying the layout of strategic emerging industries in Sichuan prov-

ince, this paper focuses on the seven categories of industries announced by the state.

This paper selects industrial enterprise data of Sichuan province from 2009 to 2013 for

research. The total data from 2009 to 2013 is about 50000. These data mainly include enter-

prise address coordinates, industry code, main products, and main financial index informa-

tion. According to the relationship between national economy industry code and strategic

emerging industry code, use Excel VLOOKUP to find all data points related to strategic

emerging industries, and finally screen out about 25000 sample points. Taking the prefecture

level as the unit, the number of enterprises, industrial types, industrial added value, operating

income, and employees at the end of the year of strategic emerging industries involved in each

prefecture and city in Sichuan province are summarized to obtain the statistical data of each

prefecture and city by industrial category, which is used as the basis for analysis. Taking the

data of 2013 as an example, 5460 data points were selected in these sample enterprises, includ-

ing 268 new generation information technology enterprises, 561 new energy automobile enter-

prises, 504 high-end equipment manufacturing enterprises, 330 new energy industry

enterprises, 931 biological industry enterprises, 1296 energy conservation and environmental

protection industry enterprises and 1570 new materials industry enterprises.

According to the detailed name and registered address of the enterprise at the sample point,

XGeocoding_v2 is used. Geographic coordinate conversion function of XGeocoding_v2 soft-

ware captures the address coordinates of the sample point enterprise and converts them into

WGS84 longitude and latitude coordinate system, the sample points are imported into ArcGIS

software to generate its space vector layer.

Analysis of the number of enterprises. The 5460 sample point enterprises were summa-

rized by industry and city location, and ARCGIS software was used to generate a bar chart, as

showed in Fig 5. It can be seen from the analysis results that the number of enterprises in the

Table 7. Judge statement assignment.

Not suitable Suitable More suitable Very suitable

Assignment 2 4 6 8

https://doi.org/10.1371/journal.pone.0264578.t007

Table 8. Industrial comprehensive score table.

Industry Score

NGITE 5.3524

NEVI 5.2772

HEEMI 4.7646

NS&EPI 4.7532

NEI 4.4604

BI 4.3258

NMI 4.2214

https://doi.org/10.1371/journal.pone.0264578.t008
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new material industry, biological industry and energy conservation and environmental protec-

tion industry accounts for a large proportion, while the number of enterprises in the new gen-

eration information technology industry, new energy vehicle industry, High-end equipment

manufacturing industry and new energy industry accounts for a relatively small proportion.

From the perspective of spatial distribution of Sichuan province, strategic emerging industries

in Sichuan province are concentrated in Chengdu Plain Economic Zone (Ya’an City, Leshan

City, Meishan City, Ziyang City, Mianyang City, Deyang City and Chengdu), southern Sich-

uan Economic Zone (Neijiang City, Zigong City, Luzhou City and Yibin City), and Northeast

Sichuan Economic Zone (Guangyuan City, Bazhong City, Nanchong City, Dazhou city and

Guang’an City) The number of strategic emerging industry enterprises is relatively small. Of

course, the proportion of strategic emerging industry enterprises is less in Panxi Economic

Zone (Liangshan Prefecture and Panzhihua City) and Northwest Sichuan Economic Zone

(Ganzi Prefecture and Aba Prefecture), of which Northwest Sichuan Economic Zone is the

region with the least distribution of strategic emerging industries in Sichuan province. Among

the Chengdu Plain Economic Zone with a largest number of strategic emerging industrial

enterprises, Chengdu has the largest number of strategic emerging industrial enterprises and

the most comprehensive industrial type layout, which basically form the situation of "one

dominant" in Chengdu.

Fig 3. Comparison of comprehensive scores of various industries.

https://doi.org/10.1371/journal.pone.0264578.g003
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Fig 4. Coefficient of Influence, coefficient of sensitivity and comprehensive score.

https://doi.org/10.1371/journal.pone.0264578.g004

Fig 5. Number distribution of strategic emerging industries by industry in Sichuan province. The bottom map

data from the website: http://datav.aliyun.com/portal/school/atlas/area_selector. The source data is from Autonavi

Open platform.

https://doi.org/10.1371/journal.pone.0264578.g005
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From the above analysis, it can be seen that the number of enterprises in the new generation

of information technology industry and new energy vehicle industry recommended for prior-

ity development is not dominant, the foundation of industrial development is still relatively

weak, and there is a situation of "one dominant" in regional distribution. Therefore, current

development priorities of strategic emerging industries in Sichuan province may not match

the regional advantages.

Analysis of total industrial output value. The total industrial output value of enterprises

in the sample points is classified and summarized according to local and municipal industries,

and its layout is illustrated in Fig 6. Among them, the new generation of information technol-

ogy industry is a knowledge intensive industry, which has high requirements for talents and

scientific and technological resources, and its total industrial output value accounts for a rela-

tively high proportion in the Chengdu Plain Economic Zone. Biological industry and new

material industry are arranged in the five economic zones, and biological industry contributes

the most to the output value of Northwest Sichuan Economic Zone. The high proportion of

the total output value of southern Sichuan Economic Zone is mainly the new material industry

and energy conservation and environmental protection industry. The high-end equipment

manufacturing industry is focused on old industrial bases such as Chengdu and Deyang. In

terms of the total industrial output value of the industry, the new generation of information

technology industry and the new energy vehicle industry have not formed an obvious scale

advantage, which is related to the current strategic emerging industry development focus.

Analysis on the number of employees. Analyze the employees in various regions and

industries of the sample enterprises, and summarize the data of employees in different regions

and industries, as showed in Fig 7. It can be seen that the distribution law of the number of

employees is very similar to the number of enterprises and total industrial output value. Panxi

Economic Zone, Northwest Sichuan ecological economic zone and Northeast Sichuan eco-

nomic zone are less distributed, among which the Northwest Sichuan ecological economic

zone has the least distribution of employees. There are a lot of employees in Chengdu Plain

Economic Zone and southern Sichuan Economic Zone. In terms of the total number of

employees, Chengdu Plain Economic Zone has a very high concentration and is outstanding

Fig 6. Distribution of total industrial output value by industry at the sample points of strategic emerging

industries in Sichuan province. The bottom map data from the website: http://datav.aliyun.com/portal/school/atlas/

area_selector. The source data is from Autonavi Open platform.

https://doi.org/10.1371/journal.pone.0264578.g006
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in solving people’s livelihood problems such as regional employment. A good industrial

employment situation will promote the continuous development of the industry. At present,

the new generation of information technology industry and new energy automobile industry

in Sichuan province have shown a positive trend in promoting employment. This shows the

correctness and rationality of the development priority plan for strategic emerging industries

we put forward.

Analysis of annual operating revenue. From the absolute analysis of operating income,

the income level of the new generation information technology industry, new energy automo-

bile industry and new material industry is very high. The new generation information technol-

ogy industry has the best development among all strategic emerging industries, and the

industry income level has obvious advantages over other industries. As showed in Fig 8.

According to Fig 8, the new generation information technology industry and the new energy

vehicle industry have great potential in increasing social wealth, which is another proof that

we recommend priority development.

Spatial distribution characteristics

Unbalanced industrial development. According to the seven types of strategic emerging

industries defined in the "Decision", the development of strategic emerging industries in Sich-

uan province is not balanced. Biological industry, energy conservation and environmental pro-

tection industry and new material industry have begun to take shape and developed rapidly,

forming a certain industrial agglomeration area, these industries are mainly concentrated in

Chengdu Plain Economic Zone and South Sichuan Economic zone; On the other hand, the

new-generation information technology industry, new energy automobile industry, high-end

equipment manufacturing industry and new energy industry are relatively small in scale, and

the industrial agglomeration is not particularly obvious. They are mainly distributed in

Chengdu, Deyang, Mianyang, and other regions of the Chengdu Plain Economic Zone (As

showed in Fig 9).

Unbalanced regional development. In Fig 9, Chengdu Plain Economic Zone (Chengdu,

Mianyang, Deyang, Suining, Ziyang, Meishan, Ya’an, and Leshan) has obvious industrial

Fig 7. Number distribution of employees in sample points of strategic emerging industries. The bottom map data

from the website: http://datav.aliyun.com/portal/school/atlas/area_selector. The source data is from Autonavi Open

platform.

https://doi.org/10.1371/journal.pone.0264578.g007
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agglomeration and complete categories of industrial development. It is the key development

area of strategic emerging industries in Sichuan province, relying on Leshan high tech Indus-

trial Development Zone, Suining economic and Technological Development Zone, Mianyang

Economic and Technological Development Zone Deyang economic and Technological Devel-

opment Zone, Deyang high tech Industrial Development Zone, Chengdu high tech Industrial

Development Zone and Chengdu Economic and Technological Development Zone. In partic-

ularly, Chengdu’s Western Industrial Park focuses on the development of advanced

manufacturing industry, highlights the development of new generation of strategic emerging

Fig 9. Distribution status of strategic emerging industries in Sichuan province. The bottom map data from the

website: http://datav.aliyun.com/portal/school/atlas/area_selector. The source data is from Autonavi Open platform.

https://doi.org/10.1371/journal.pone.0264578.g009

Fig 8. Distribution of business income by industry of sample points of strategic emerging industries in Sichuan

province. The bottom map data from the website: http://datav.aliyun.com/portal/school/atlas/area_selector. The

source data is from Autonavi Open platform.

https://doi.org/10.1371/journal.pone.0264578.g008
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industries focusing on information technology, biology, high-end equipment manufacturing,

energy conservation and environmental protection, and builds a high-end industrial base with

world influence. Biological industry, energy conservation and environmental protection

industry and new material industry are better developed in the four regions included in South

Sichuan Economic Zone, while the development of new generation information technology,

new energy vehicles, high-end equipment manufacturing and new energy industry is relatively

slow. Advantageous industries in Northeast Sichuan economic zone are similarly to those in

South Sichuan Economic Zone, but the overall development situation is not as good as that in

South Sichuan Economic Zone. Except for three types of industries with good progress, other

strategic emerging industries are developing very slowly.

Industrial competition and reconstruction. Energy saving and environmental protec-

tion industry has obvious development advantages in Chengdu Plain Economic Zone and

southern Sichuan Economic Zone. Reconstruction phenomenon refers to the phenomenon of

repeated construction due to high similarity of industrial structure. The phenomenon of

industrial restructuring in Northeast Sichuan Economic Zone and South Sichuan Economic

Zone is relatively serious. Both tend to vigorously develop biology, energy conservation and

environmental protection and new material industries, while other types of industries improve

slowly. Within the Chengdu Plain Economic Zone, which has absolute advantages in develop-

ment, Chengdu, Mianyang and Deyang all have strategic emerging industries trying to include

all types. This phenomenon is not conducive to the formation of industrial clusters and the

overall development of strategic emerging industries in Sichuan province. For example, the

energy conservation and environmental protection industry has a great momentum of devel-

opment in Chengdu Plain, southern Sichuan, and Northeast Sichuan economic zones, which

weakens the advantages of industrial agglomeration development to a certain extent, and it is

inevitable that there are adverse phenomena such as vicious competition among regions.

Conclusions

Strategic emerging industries have played an extremely important role in stabilizing growth,

adjusting structure, promoting transformation, and benefiting people’s livelihood. Therefore,

Sichuan, located in the southwest border of the motherland, should scientifically select strate-

gic emerging industries in line with its own development advantages, find its own positioning,

find a good focus, and make effective efforts, which will surely contribute to the revitalization

of the West. This paper holds that it is scientific for Sichuan province to choose the new gener-

ation of information technology, new energy, high-end equipment manufacturing, new mate-

rials, biology, energy conservation and environmental protection industries as the layout of its

own strategic emerging industries, but it should also pay attention to making a certain balance

among these seven industries to fully develop the most potential strategic emerging industries

in line with the actual situation of Sichuan are particularly important, and the phenomenon of

full force and convergence with other provinces and cities should be avoided. Taking the lay-

out of strategic emerging industries in Sichuan province as an example, this paper studies the

priority of selecting and developing strategic emerging industries in a region. By constructing

a reasonable evaluation index system and combining AHP with FCEM, the following conclu-

sions are drawn: Firstly, in the development process of strategic emerging industries in Sich-

uan province, the priority of industrial development can be scientifically arranged according

to the regional advantages. The research results believe that Sichuan province should give pri-

ority to the development of new generation information technology industry and new energy

vehicle industry, then high-end equipment manufacturing industry, energy-saving and envi-

ronmental protection industry and new energy industry, and finally biological industry and
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new material industry. The coefficient of influence and coefficient of sensitivity have different

influences on the comprehensive score of strategic emerging industries. The larger the coeffi-

cient of influence is, the higher the comprehensive score is, while the larger the coefficient of

sensitivity is, the lower the comprehensive score is. Secondly, the number of enterprises in the

new-generation information technology industry and the new energy vehicle industry is still

not dominant in Sichuan province. Their total industrial output value contributes the most to

the Chengdu Plain Economic Zone, and their contribution to employment is not outstanding,

but they show great benefits in increasing social wealth. Finally, the study found that the cur-

rent development of strategic emerging industries in Sichuan province is extremely unbal-

anced in various regions, and the phenomenon of competition and reconstruction is obvious,

which hinders the development and growth of strategic emerging industries to a certain extent.

The research results not only provide strong support for the development decision of strategic

emerging industries in Sichuan province, but also provide guidance for other regions in the

world in the development of strategic emerging industries.

This paper studies the priority of the overall strategic emerging industrial development in

Sichuan province, which has a certain value. The deployment of strategic emerging industries

from the Party Central Committee to provinces, cities, districts and counties to the enterprise

level, each level will affect the development of the industry. Each level is of great importance

and indispensable. Therefore, in the future, we can study the strategic emerging industry selec-

tion of cities, districts and counties in Sichuan province, or the location selection of strategic

emerging industries and the micro location of enterprises, which is believed to play a guiding

role in the development of strategic emerging industries in Sichuan province. When the

updated data can be used, we can also use the latest available data for further tracking and anal-

ysis to grasp the dynamic changes in the development of strategic emerging industries. The

current research focuses on the layout and development of strategic emerging industries in

Sichuan province. In the future, we can carry out similar analysis and research from the

regional and national levels.

This study also has limitations. Firstly, this paper does not use other MCDM method (such

as BWM, COPRAS, etc.) or non-fuzzy methods for comparative research. Secondly, the evalu-

ation index system constructed in this paper adopts AHP and FCEM to assign weight and

score. However, these two methods depend on expert judgment to a certain extent and have

certain subjectivity, which may lead to deviation of the results. Finally, due to the limitations of

available data, the research scope of this paper is limited to the strategic emerging industries in

Sichuan province and its subordinate areas during the 12th Five-Year Plan period.
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