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Research on the development 
relationship between safety 
production indicators 
and economic and social indicators 
in China
Dandan Han 1,3, Shuhao Fang 2* & Hongqing Zhu 1

In order to study the relationship between China’s safety production indicators and economic and 
social indicators, the development trend of indicator data in the past 20 years was statistically 
analyzed, and qualitative and quantitative research was conducted using grey relational analysis and 
multiple linear regression analysis methods. In the past two decades, there has been a significant 
improvement in the number of deaths, work-related injuries, and occupational patients in China’s 
safety production, and the country’s three categories of 14 economic and social indicators have 
achieved rapid development. Using the grey relation analysis method, the grey correlation degree 
between the number of deaths, work-related injuries, and occupational patients in China over the 
past twenty years and 14 economic and social indicators was obtained. The ranking of economic and 
social indicators that affect the number of deaths, work-related injuries, and occupational patients 
varies greatly. A multiple linear regression model was established for the number of deaths, work-
related injuries, occupational diseases, and 14 economic and social indicators. The rationality of the 
model was verified from four aspects: R2, F-value, P-value, and deviation between actual and fitted 
values. Provide guidance for the development of safety production indicators and economic and social 
indicators in China through research.

Keywords  Safety production statistical indicators, Economic and social indicators, Grey relation analysis, 
Multiple linear regression

The current situation of safety production in China is complex, and the indicator system for production safety 
accidents can no longer meet the needs of safety production reform and development1. The research on relevant 
accident statistical indicators in China is mainly as follows.

Yang2 proposed some measures that China should take for the statistical indicators of safety production 
accidents, in order to improve the indicator system. Lv3 proposed a new set of statistical indicators for the clas-
sification criteria of accidents and proposed relevant predictive models for the development of safety production 
accident statistics. Du4 pointed out that there is a significant difference in accident record standards between 
China and the international community, and proposed excellent practices that can be learned from abroad. Fu 
et al.5 proposed that China’s statistical indicators for safety production accidents should learn from some of the 
advantages of foreign indicators in order to adapt to the stage of economic development. Ren6 proposed protec-
tive measures to address the deficiencies in accident indicators.

Wu et al.7 analyzed the scientific connotations of safety science, statistics, and systems science, and proposed 
the meaning of safety production accident statistical indicators in safety science, including the content, methods, 
and characteristics of statistical indicators. Wu8 based on the actual situation of railway safety in China, drew on 
the development laws of railway safety in foreign countries, and constructed a statistical system for various sub 
aspects of railways. Tian9 has optimized and improved the statistical indicators of safety production accidents 
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in China’s construction industry by addressing the existing problems in data analysis. Wu et al.10 found that 
the security indicators of developed countries abroad are relatively mature, which is related to the maturity of 
economic and social development, by studying the changes in economic and social development and security 
indicators of developed countries abroad. Zhang et al.11 screened, classified, ranked, and designed indicators for 
the main and objective scene elements involved in electrical injury accidents, forming a set of accident indica-
tors suitable for electrical injury.

Yu et al.12 developed a set of risk classification indicators for manufacturing enterprises based on the actual 
situation in T City, Shandong Province. Li et al.13 defined a set of comprehensive indicators applicable to safety 
production conditions and established a warning model for enterprises using the GM (1,1) method. Lv et al.14 
established a set of evaluation criteria and indicators suitable for multi-level risk and an indicator weight calcula-
tion model based on the EAHP (Extensible Analytic Hierarchy Process). Zou et al.15 combined the production 
experience of Chongqing coal mines and the summary of experts to form a set of coal mine outburst risk evalu-
ation indicators, including 11 indicators. Yang et al.16,17 conducted a statistical analysis of 195 large-scale and 
above hazardous chemical accidents in China from 2000 to 2020.

The research on the statistical indicator system for safety production accidents in foreign countries is divided 
into two aspects based on the statistical objects: a single database and multiple databases. There are also various 
types of single databases. The first type is the analysis of the reasons for recording safety production accident sta-
tistical indicators18, the second type is the analysis and exploration from the theoretical level of safety indicators19, 
and the third type is the analysis and exploration from the scientific management of safety indicators20. Multiple 
databases summarize the best safety indicators applicable to different industries based on the characteristics of 
accident statistics indicators in different industries21.

The comparison of work-related injury statistics data in various countries often has problems, mainly because 
work-related injury statistics are based on different national records and notification systems22. Developed coun-
tries determine the future direction of supervision, law enforcement, and assistance based on the national security 
situation23,24. Macedo et al.25 studied accidents in the work environment in Portugal over the decade 1992–2001 
and believed that a thorough and comprehensive study of the incidence and causes of occupational accidents 
in Portugal should be conducted in order to develop and implement effective prevention plans. Pavlic et al.26 
studied occupational injuries in Slovenia from 1948 to 2008. Since the early 1960s, fatal and non-fatal occu-
pational injuries in Slovenia have significantly decreased, emphasizing the diversity of models used to collect 
work-related injury data. Unsar et al.27 evaluated the results of occupational accidents in Turkey from 2000 to 
2005 according to various standards and found that the number of deaths caused by occupational accidents was 
constantly declining, as was the trend of permanent disability. Jacinto et al.28 identified opportunities for further 
development and research on occupational accident reporting and registration systems. Vallmuur et al.29 used 
machine learning methods to reduce the coding statistics of work-related injury databases to one-third. Tixier 
et al.30 utilized natural language processing (NLP) to automatically extract key content from accident reports 
in the US construction industry. Lehto et al.31 used two Bayesian methods to analyze the causes of work-related 
accidents in the United States.

Literature research has found that there is little research on the relationship between safety production 
indicators and economic and social indicators both domestically and internationally. The development of the 
economy and society inevitably brings about safety production issues. Reasonable economic investment in 
safety production can increase the safety of production. Therefore, the relationship between economic and social 
indicators and safety production indicators should be explored. Firstly, analyze the development laws of China’s 
safety production indicators and economic and social indicators separately, and then analyze the qualitative and 
quantitative relationship between China’s economic development and safety production. The research can guide 
the future development direction of safety production indicators and economic and social indicators.

Method
Grey relation analysis is the analysis of the degree of geometric similarity between two series. The higher the 
degree of similarity, the higher the grey relation degree. The calculation steps of the grey relation analysis method 
consist of five steps.

The first step is to identify the reference series that reflects the characteristics of system behavior and the 
comparative series that affects system behavior.

The second step is to perform dimensionless processing on the reference series and comparison series. Here, 
the initialization method is adopted, which means that each digit of the series is divided by the first digit of the 
series.

The third step is to calculate the grey relation coefficient of the reference series and the comparison series 
according to the formula, which is the difference between the values of the two series. The calculation formula 
is shown in Formula 1.

In the formula, G is the resolution coefficient. The smaller the value of G, the greater the resolution of grey 
correlation, 0 < G < 1, taken at 0.5. min
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The fourth step is to sum up the relation coefficients of each series to obtain the grey relation degree;
The fifth step is to sort the series according to the grey relation degree so as to obtain the grey relation rank-

ing of the sequence.
Multiple linear regression is an extension of simple linear regression, which can quantitatively describe the 

multiple linear model between multiple independent variables and a dependent variable. The calculation model 
of multiple linear regression is shown in Formula 2.

In the formula, y is the dependent variable, a is the intercept of the multiple linear regression equation, i is 
the number of independent variables, ai is the coefficient of the independent variable, and xi is the independent 
variable.

By substituting the values of the independent and dependent variables, the intercept and independent variable 
coefficients of the multiple linear regression equation can be obtained; that is, the multiple linear regression equa-
tion can be obtained. The closer the correlation coefficient is to 1, the higher the fitting degree. The hypothesis 
test result of the regression coefficient is the variance inflation factor F, with an F value greater than 10, indicating 
the existence of multicollinearity in the multiple linear regression equation.

China’s safety production indicator data
Analyze the changes in the three indicators of annual deaths, work-related injuries, and occupational diseases 
in China’s safety production over the past two decades. Compare the safety production related data of China 
and the United States in the past two decades, including safety production data of all industries, and further 
analyze the safety production related data of workplaces (industrial, mining, commerce, agriculture, and fishery), 
transportation (road, water, aviation, and railway), and other three categories.

The changes in the development of the three indicators of annual deaths, work-related injuries, and occupa-
tional diseases in China’s safety production in the past two decades are shown in Fig. 1. The number of work-
related injuries in safety production is calculated based on the number of people who enjoy work-related injury 
benefits.

In the past two decades, the number of deaths has shown a rapid decline year by year, from 120,351 to 20,099, 
with the death toll decreasing nearly six times. In the past two decades, the number of work-related injuries 
has shown a trend of first increasing and then stabilizing, rising from 188,000 to 2037,000. In the past decade, 
the number of work-related injuries has remained stable at 2 million. In the past two decades, the number of 
occupational diseases has shown a trend of first increasing and then decreasing, from 11,718 people to 31,789 
people and then decreasing to 11,108 people.

Analysis of China’s economic and social statistical data
Selection of main economic and social indicators
The main selection is economic and social indicators that can reflect the current situation of safety production 
in China. Three categories and 14 indicators are preliminarily selected, as shown in Table 1.

(2)y = a+ a1×x1 + a2×x2 + · · · + ai×xi

Fig. 1.   The number of deaths, work-related injuries, and occupational diseases in China’s safety production in 
the past two decades.
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Analysis of China’s economic and social indicators data
The GDP and per capita GDP index refers to the relative trend and degree of GDP and per capita GDP changes 
over a certain period of time. The GDP index is equal to the current year’s GDP divided by the previous year’s 
GDP and multiplied by 100. The per capita GDP index is equal to the current year’s per capita GDP divided 
by the previous year’s per capita GDP and multiplied by 100. The changes in China’s GDP and per capita GDP 
over the past two decades are shown in Fig. 2a and b. In the past two decades, both GDP and per capita GDP 
have maintained stable growth with a nearly linear function, with an average annual GDP growth rate of 8.4% 
and a per capita GDP growth rate of 7.8%. The GDP has increased from 9921.5 billion yuan to 121,020.7 billion 
yuan, an increase of approximately 12 times. The per capita GDP increased from 7858 yuan to 85,698 yuan, an 
increase of approximately 11 times.

The changes in China’s industrial structure over the past two decades are shown in Fig. 3. In the past two 
decades, the proportion of the production value of the primary industry to GDP has shown a slow downward 
trend year by year, from 15.1 to 7.3%, and the proportion has always been the lowest. In the past two decades, 
the proportion of the production value of the secondary industry to GDP has declined to a certain extent, from 
45.9 to 39.3%, and the proportion has decreased from the highest to the second. In the past two decades, the 
proportion of the production value of the tertiary industry to GDP has shown a slow upward trend year by year, 
decreasing from 39 to 53.4%, and the proportion has increased from the second to the highest. Currently, the 
proportion of the production value of the tertiary industry to GDP exceeds half.

The changes in China’s employment structure over the past two decades are shown in Fig. 4. In the past two 
decades, the proportion of the employed population in the primary industry to the total employed population 
has shown a linear and rapid decline trend year by year, from 50 to 24.1%, and the proportion has decreased from 
the highest to the lowest. In the past two decades, the proportion of the employed population in the secondary 
industry to the total employed population has increased to a certain extent, with relatively little change, rising 
from 22.5 to 28.8%, and the proportion has risen from the lowest to the highest. In the past two decades, the 
proportion of the employed population in the tertiary industry to the total employed population has shown a 
significant upward trend, rising from 27.5 to 47.1%, and the proportion has risen from the second to the highest. 
Currently, the proportion of the employed population in the tertiary industry to the total employed population 
is close to half.

The changes in the proportion of urban population to the total population in China over the past two decades 
are shown in Fig. 5. In the past two decades, the proportion of urban population to the total population has 

Table 1.   Economic and social indicators.

Economic development Social structure Social civilization level

GDP The proportion of production value of the secondary industry to GDP The proportion of public education funding to GDP

Per capita GDP

The proportion of production value of non-agricultural industries to GDP The proportion of scientific research investment to GDP

The proportion of the employed population in the secondary industry to 
the total employed population Doctors per 1000 people

The proportion of the employed population in non-agricultural industries 
to the total employed population Number of junior high school students per 10,000 people

The proportion of urban population to total population

Number of students enrolled in higher education institutions per 10,000 
people

Engel’s coefficient

Urban registered unemployment rate

Fig. 2.   Changes in China over the past two decades.
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Fig. 3.   Changes in the proportion of industrial production value in China in the past two decades.

Fig. 4.   Changes in the proportion of industrial employment population in China over the past two decades.

Fig. 5.   Changes in the proportion of urban population to total population in China over the past two decades.
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shown a linear and rapid increase trend, from 36.22 to 65.22%, an increase of 29%. In the past two decades, the 
proportion of urban population to the total population in China has nearly doubled.

The changes in the proportion of public education funding to GDP, the proportion of scientific research 
investment to GDP, and the urban registered unemployment rate in China over the past two decades are shown 
in Fig. 6. In the past two decades, the proportion of public education funding to GDP has shown a trend of first 
increasing and then stabilizing, rising from 2.87 to 4.01%. The proportion of public education funding to GDP 
has remained stable and greater than 4% in the past decade. In the past two decades, the proportion of scientific 
research investment to GDP has shown a slow and increasing trend, from 1 to 2.54%, and the proportion will con-
tinue to increase. In the past two decades, the urban registered unemployment rate has shown a basically stable 
trend, rising from 3.1 to 5.6%. The urban registered unemployment rate has remained at a level of 4% year-round.

The changes in Engel’s coefficient and doctors per 1000 people in China over the past two decades are shown 
in Fig. 7. In the past two decades, the Engel’s coefficient has shown a fluctuating downward trend, decreasing 
from 39.4 to 30.5%. The Engel’s coefficient has decreased by 10% and has been around 30% in the past decade, 
indicating that China is currently at a level of prosperity. In the past two decades, doctors per 1000 people have 
been continuously increasing year by year, from 1.68 to 3.15%, and doctors per 1000 people have nearly doubled.

The changes in the number of junior high school students per 10,000 people and the number of students 
enrolled in higher education institutions per 10,000 people in China over the past two decades are shown in 
Fig. 8. In the past two decades, the number of junior high school students per 10,000 people has shown a trend 
of first decreasing and then increasing, from 4969 to 3625. The number of junior high school students per 10,000 
people has slowly increased in the past decade and is expected to remain stable in the future. In the past two dec-
ades, the number of students enrolled in higher education institutions per 10,000 people has shown a continuous 
upward trend, increasing from 723 to 3510. The number of students enrolled in higher education institutions per 
10,000 people has always been lower than that of junior high school students. In the past decade, the number 
of students enrolled in higher education institutions per 10,000 people has gradually approached that of junior 
high school students, and it is expected to maintain basic stability in the future.

Fig. 6.   Changes in the proportion in China over the past two decades.

Fig. 7.   Changes in Engel’s coefficient and doctors per 1000 people in China over the past two decades.
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Analysis of China’s safety production and economic and social factors
Grey relation analysis
Based on the time limit of nearly 20 years in China, the number of deaths, work-related injuries, and occupational 
diseases in safety production each year are used as reference series, and 14 economic and social indicators are 
used as comparison series. The codes of the comparison series are X1, X2, X3, X4, X5, X6, X7, X8, X9, X10, X11, 
X12, X13, and X14, respectively. Grey relation analysis is conducted, and the grey relation degree is sorted in 
descending order, as shown in Tables 2, 3, and 4, with 4 decimal places retained.

The grey relation degree between the annual number of deaths in safety production and 14 economic and 
social indicators is relatively high. The economic and social indicators that affect the annual number of deaths in 
safety production mainly include the number of junior high school students per 10,000 people, Engel’s coefficient, 
the proportion of production value of the secondary industry to GDP, the proportion of production value of 
non-agricultural industries to GDP, the proportion of the employed population in the secondary industry to the 
total employed population, and doctors per 1000 people. The economic and social indicators that have a relatively 
small impact on the annual number of deaths in safety production are mainly GDP, per capita GDP, and the 
number of students enrolled in higher education institutions per 10,000 people. The development laws of safety 
production indicators and economic and social indicators were given earlier, and the grey relational analysis 
directionally described the relationship between safety production indicators and economic and social indica-
tors. The research results indicate that the development pattern of China’s GDP in the past two decades is most 
inconsistent with the development pattern of the death toll. This is because China’s economy has become more 
mature and focused more on safety in the past two decades, so when GDP increases, the death toll decreases.

The grey relation degree between the annual number of work-related injuries in safety production and 14 
economic and social indicators is average. The economic and social indicators that affect the annual number of 
work-related injuries in safety production mainly include the GDP, per capita GDP, number of students enrolled 

Fig. 8.   Changes in the number of students in China over the past two decades.

Table 2.   Grey relation analysis of the number of deaths.

Sort Code Economic and social indicators Grey relation degree

1 X12 Number of junior high school students per 10,000 people 0.9678

2 X11 Engel’s coefficient 0.9566

3 X3 The proportion of production value of the secondary industry to GDP 0.9430

4 X4 The proportion of production value of non-agricultural industries to GDP 0.9289

5 X5 The proportion of the employed population in the secondary industry to the total employed population 0.9069

6 X10 Doctors per 1000 people 0.9010

7 X8 The proportion of public education funding to GDP 0.8988

8 X6 The proportion of the employed population in non-agricultural industries to the total employed population 0.8972

9 X14 Urban registered unemployment rate 0.8969

10 X7 The proportion of urban population to total population 0.8828

11 X9 The proportion of scientific research investment to GDP 0.8388

12 X13 Number of students enrolled in higher education institutions per 10,000 people 0.7172

13 X2 Per capita GDP 0.6289

14 X1 GDP 0.6118
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in higher education institutions per 10,000 people, and the proportion of scientific research investment to GDP. 
The economic and social indicators that have a relatively small impact on the annual number of work-related 
injuries in safety production are mainly the proportion of production value of the secondary industry to GDP, 
the number of junior high school students per 10,000 people, and Engel’s coefficient.

The grey relation degree between the annual number of occupational diseases in safety production and 14 
economic and social indicators is relatively high. The economic and social indicators that affect the annual 
number of occupational diseases in safety production mainly include the proportion of public education fund-
ing to GDP, the proportion of scientific research investment to GDP, the proportion of urban population to total 
population, the proportion of the employed population in non-agricultural industries to the total employed 
population, the proportion of the employed population in the secondary industry to the total employed popula-
tion, doctors per 1000 people, and urban registered unemployment rate. The economic and social indicators that 
have a relatively small impact on the annual number of occupational diseases in safety production are mainly 
GDP and per capita GDP.

Multiple liner regression analysis
According to the grey relation analysis in Section "Grey relation analysis", it is found that there is a certain 
degree of grey relation between the annual number of deaths, work-related injuries, and occupational diseases 
in safety production and the 14 indicators of economic and social factors. Therefore, 14 indicators of economic 
and social factors were selected, with the number of deaths, work-related injuries, and occupational diseases in 
safety production as the dependent variables and the 14 economic and social indicator data as the independ-
ent variables. Multiple linear regression analyses were conducted. The results of the multiple linear regression 
analysis are shown in Table 5.

Table 3.   Grey relation analysis of the number of work-related injuries.

Sort Code Economic and social indicators Grey relation degree

1 X1 GDP 0.7210

2 X2 Per capita GDP 0.6998

3 X13 Number of students enrolled in higher education institutions per 10,000 people 0.5739

4 X9 The proportion of scientific research investment to GDP 0.5123

5 X14 Urban registered unemployment rate 0.4983

6 X7 The proportion of urban population to total population 0.4964

7 X8 The proportion of public education funding to GDP 0.4912

8 X6 The proportion of the employed population in non-agricultural industries to the total employed population 0.4902

9 X5 The proportion of the employed population in the secondary industry to the total employed population 0.4866

10 X10 Doctors per 1000 people 0.4842

11 X4 The proportion of production value of non-agricultural industries to GDP 0.4828

12 X3 The proportion of production value of the secondary industry to GDP 0.4795

13 X12 Number of junior high school students per 10,000 people 0.4752

14 X11 Engel’s coefficient 0.4750

Table 4.   Grey relation analysis of the number of occupational diseases.

Sort Code Economic and social indicators Grey relation degree

1 X8 The proportion of public education funding to GDP 0.9246

2 X9 The proportion of scientific research investment to GDP 0.9242

3 X7 The proportion of urban population to total population 0.9202

4 X6 The proportion of the employed population in non-agricultural industries to the total employed population 0.9186

5 X5 The proportion of the employed population in the secondary industry to the total employed population 0.9151

6 X10 Doctors per 1000 people 0.9049

7 X14 Urban registered unemployment rate 0.9039

8 X4 The proportion of production value of non-agricultural industries to GDP 0.8983

9 X3 The proportion of production value of the secondary industry to GDP 0.8863

10 X11 Engel’s coefficient 0.8736

11 X12 Number of junior high school students per 10,000 people 0.8665

12 X13 Number of students enrolled in higher education institutions per 10,000 people 0.8058

13 X2 Per capita GDP 0.6730

14 X1 GDP 0.6511
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The R2 values between the number of deaths, injuries, and occupational diseases and 14 economic and social 
indicators are all greater than 0.9, indicating that the multiple linear regression analysis model has a good cor-
relation. The F-value between the number of deaths, injuries, and occupational diseases and 14 economic and 
social indicators are all greater than 10, indicating a good collinearity problem. The P-value between the number 
of deaths, injuries, and occupational diseases and 14 economic and social indicators are all less than 0.05, indicat-
ing that the coefficients of each variable are significant. The multiple linear regression analysis model established 
between the annual number of deaths, work-related injuries, occupational diseases, and 14 economic and social 
indicators in safety production is reasonable.

According to the multiple linear regression analysis model, the number of deaths, work-related injuries, and 
total occupational diseases in safety production for the past two decades were calculated, and the fitted values 
were obtained. The actual values and fitted values for the past two decades are plotted in Fig. 9a to c.

It can be seen that the deviation between the actual value and the fitted value obtained by the multiple linear 
regression analysis model is very small. Therefore, it can be concluded that the multiple linear regression analysis 
model established between the annual number of deaths, work-related injuries, occupational diseases, and 14 
economic and social indicators in safety production is reasonable.

Conclusions
The article analyzes the development patterns of safety production indicators and economic and social indicators 
in China over the past two decades, as well as the qualitative and quantitative relationship between the two. The 
research can guide the future development direction of safety production indicators and economic and social 
indicators.

1.	 From the data on safety production indicators in China in the past two decades, it can be seen that the form 
of safety production in China has significantly improved.

	   The number of deaths in safety production has decreased nearly six times in the past two decades. The 
number of work-related injuries has remained stable at 2 million in the past decade. In the past two decades, 
the number of occupational diseases in China’s safety production has shown a trend of first increasing and 
then decreasing.

2.	 Three categories and 14 economic and social indicators that can reflect the safety production situation in 
China have been selected. After analyzing the patterns of 14 economic and social indicator data in the past 
two decades, China’s economy has achieved tremendous transformation.

	   In terms of economic development, both China’s GDP and per capita GDP have maintained stable growth 
with a nearly linear function, with a growth rate of about 8%. In terms of industrial structure, the proportion 

Table 5.   Results of multiple linear regression analysis.

Economic and social indicators and parameters The coefficient of death The coefficient of work-related injury The coefficient of occupational diseases

Intercept 1.6645E6 − 9.92006 − 70,276.75375

R2 0.97589 0.9982 0.91341

F-value 65 847 18

P-value 1.19E−6 3.81E−11 1.77E−4

GDP − 0.3799 − 0.0065 − 0.25087

Per capita GDP 5.54651 0.09187 4.43904

The proportion of production value of the secondary industry to 
GDP 3314.50956 0.16802 − 2643.30743

The proportion of production value of non-agricultural industries 
to GDP − 20,180.2677 − 2.73703 125.41138

The proportion of the employed population in the secondary indus-
try to the total employed population − 10,515.15807 − 8.82406 6995.25028

The proportion of the employed population in non-agricultural 
industries to the total employed population 11,675.60746 − 0.12826 1188.34231

The proportion of urban population to total population − 6999.52375 − 0.94231 851.69799

The proportion of public education funding to GDP 11,202.86366 − 4.56053 − 10,742.96429

The proportion of scientific research investment to GDP − 13,069.58917 136.77751 14,808.23753

Doctors per 1000 people − 61,089.34823 71.76845 − 42,131.86498

Number of junior high school students per 10,000 people − 5718.95166 6.78958 − 2126.45937

Number of students enrolled in higher education institutions per 
10,000 people 35.6682 − 0.01091 25.15483

Engel’s coefficient 38.92659 0.06199 − 47.40795

Urban registered unemployment rate 7793.62853 − 28.18461 5017.57161

The proportion of public education funding to GDP 1.6645E6 − 9.92006 − 70,276.75375

The proportion of scientific research investment to GDP 0.97589 0.9982 0.91341

Doctors per 1000 people 64.60164 874.48298 17.57642



10

Vol:.(1234567890)

Scientific Reports |        (2024) 14:19775  | https://doi.org/10.1038/s41598-024-70945-y

www.nature.com/scientificreports/

of production value in the tertiary industry has risen to the highest, with the current proportion exceeding 
half. In terms of employment structure, the proportion of employed population in the tertiary industry has 
risen to the highest, currently accounting for nearly half. In terms of urbanization, the proportion of urban 
population has shown a linear and rapid increase, with the proportion nearly doubling. There has also been 
some progress in the level of social civilization.

3.	 A comparative analysis was conducted on the relationship between safety production and economic and 
social development in China.

	   The grey relation analysis method was used to analyze the degree of grey relation between the annual 
number of deaths, work-related injuries, occupational diseases, and 14 economic and social indicators in 
China’s safety production in the past two decades. The degree of grey relation between the number of deaths, 
occupational diseases, and 14 economic and social indicators is relatively high. There is a certain degree of 
grey relation between the number of work-related injuries and 14 economic and social indicators. The rank-
ing of economic and social indicators that affect the annual number of deaths, work-related injuries, and 
occupational diseases in safety production varies greatly.

	   Multiple linear regression models were established for the total number of deaths, work-related injuries, 
occupational diseases, and 14 economic and social indicators of safety production each year. The R2 are all 
greater than 0.9, the F-values are all greater than 10, the P-values are all less than 0.05, and the deviation 
between the fitted values and the actual values is very small. Therefore, it can be concluded that the multiple 
linear regression analysis model established between the annual total number of deaths, work-related injuries, 
occupational diseases, and 14 economic and social indicators in safety production is reasonable.

Data availability
The primary data used to support the findings of this study are available from the corresponding author upon 
request.
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Fig. 9.   Actual and fitted values.
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