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Purpose: This paper aims to measure the operating efficiency of China’s basic pension 
insurance from 2014 to 2019 in 31 provinces.
Methods: The three-stage DEA model was used to evaluate the operating efficiency of basic 
pension insurance in 31 provinces.
Results: On the whole, the operating efficiency of China’s basic pension insurance was at 
a high level, but there was still room for improvement. GDP, urbanization level and scale of 
government public expenditure had a positive impact on the operating efficiency of regional 
basic pension insurance. In contrast, the old-age dependency ratio had a significant negative 
effect. There were noticeable regional differences in the operating efficiency of China’s basic 
pension insurance, which showed a pattern of Central (0.742) >Eastern (0.689) >Western 
(0.505) after removing the influence of environmental variables.
Conclusion: This study systematically analyzes the impact of external environmental 
regulations on China’s basic pension insurance’s operating efficiency and provides decision- 
making references for further improving the operating efficiency of China’s basic pension 
insurance. In order to further optimize the allocation of basic endowment insurance, this 
paper proposes the following countermeasures and suggestions: (1) broaden investment 
channels and improve the investment efficiency; (2) increase supervision of social security 
departments and strengthen information disclosure; (3) unify the management of social basic 
pension insurance.
Keywords: three-stage DEA, China’s pension insurance, operating efficiency, technical 
efficiency

Introduction
Social basic pension insurance aims to protect the basic living needs of the elderly 
by means of social insurance and provide them with a stable and reliable source of 
life. It exerts an essential influence in the campaign of Chinese out of poverty, 
especially in the context of an aging population in China. With the continuous 
improvement of the basic pension insurance system reform and strengthening the 
social security system, China’s basic pension insurance system has also been 
continuously developed, and its social security function has increased.1 The 
Chinese government announced new major plans at the Fifth Plenary Session of 
the Nineteenth Central Committee of the Communist Party of China. And the new 
goal of the Chinese government is to raise people’s livelihood and welfare to a new 
level. Moreover, people’s livelihood and well-being are regarded as one of the 
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primary economic goals. In addition, the Chinese govern-
ment has also proposed a major task of improving the 
multi-level social security system. Since the establishment 
of the Chinese pension system, it has always had a strong 
ability to pay, and there is a large amount of surplus 
every year.

In fact, China’s basic pension insurance system was 
comprised of the basic pension insurance for urban and 
rural residents and urban employee’s basic pension insur-
ance, and the latter one had merged by the basic pension 
insurance for civil servants and public sector employees 
and the basic pension insurance for urban enterprise 
employees in 2015 officially.1 Despite they may work 
differently in target service groups and implementation 
intensity, they both work through the funds and realize 
their value preservation and appreciation. In China, the 
basic old-age insurance combine social pooling with indi-
vidual accounts. And the basic pension insurance fund 
consists of employer and individual contributions and 
government subsidies. With the continuous development 
of fund service levels, its ability to pay and balances 
continue to increase. China’s basic pension insurance 
fund has played a significant role in narrowing the gap 
between the rich and the poor, improved people’s liveli-
hood and enhanced welfare, and become one of the pillars 
of basic social insurance. However, there are big differ-
ences in the regional balances and payment ability of 
pensions in different regions.2 The practice in developed 
countries has proved to be very meaningful. For example, 
after becoming a generalized system of preferences, the 
pension system is an effective system guarantee for resol-
ving the basic life risks of the elderly. However, it may 
also become an important source of social risks.3 So, in 
this context, we would like to seek and evaluate the 
operational efficiency of the basic pension fund in China, 
as a way to measure one of its management values, and 
how the main ingredients in its circumstances impact the 
operating efficiency. In summary, two questions this article 
seeks to answer are as follows:

Q1: What is the operating efficiency of China’s basic 
pension insurance fund?

Q2: What is the impact of environmental variables on 
the operating efficiency of China’s basic pension insurance 
fund?

In order to solve these problems, the Data 
Envelopment Analysis (DEA) was used to measure and 
evaluate the operating efficiency of China’s basic pension 
insurance fund in 31 provinces in China from 2014 to 

2019. The study hopes to conduct objective inspections 
and rational evaluations of the operating efficiency of 
China’s basic pension insurance. Also, we analyzed the 
real dilemma in order to seek a new path for the develop-
ment of a high-quality pension system.

This paper has the following three contributions. 
Firstly, although many scholars have conducted extensive 
researches on pension insurance, few studied China’s basic 
pension insurance as a whole. And it is comprised of the 
basic pension insurance for urban and rural residents and 
the urban employee’s basic pension insurance, let alone its 
operating efficiency. Secondly, the three-staged DEA 
model was considered as the first one to be used for the 
evaluation of China’s basic pension insurance fund in our 
study. Thirdly, in addition to the measurement we do, 
several external environmental factors are also studied in 
this essay, which may explore the access to improve its 
efficiency. Therefore, this paper not only has theoretical 
reference value, but also produces certain administrative 
enlightenment and guiding significance for the actual deci-
sion-making process of government departments.

The remaining part of this paper is organized as fol-
lows. In Literature Review of this paper, we review the 
relevant literature on basic pension insurance funds at this 
stage. Materials and Methods discusses the methods and 
variables of the operation efficiency of China’s basic pen-
sion insurance funds, and Analysis of Empirical Results 
makes an empirical analysis of the operation efficiency of 
China’s pension insurance fund. In Conclusions and 
Suggestions, we give conclusions and suggestions on 
how to improve the operational efficiency of China’s 
basic pension insurance in real life.

Literature Review
The Income Redistribution Function of 
the Basic Pension Insurance
Grignon et al (2020) pointed out that as a society, people 
should not only care about the efficiency of social security 
services but also how equitably they were distributed.4 The 
basic social pension insurance pays pensions based on the 
age of the insured. Differences in the insured income may 
lead to a reverse income redistribution effect of subsidiz-
ing the rich for the poor resulting in the unfair distribution 
of social resources. Zhou and Tan (2021) believe that the 
income gap between the elderly has declined slightly in 
recent years, and the contribution rate of pension has 
declined yearly.5 The reform of rural-urban residents’ 
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pensions has strengthened the ability of the entire social 
basic pension insurance system to adjust the income gap.

Judging from international experience, Yu, Li and Zhu 
(2021) established a personal wage prediction model and 
an actuarial model of pension to calculate the present 
value of individual lifetime contributions, lifetime claims 
and lifetime real wages and incomes after pension adjust-
ment under different overall planning levels.6 The results 
show that the basic endowment insurance for urban 
employees does have a significant income redistribution 
effect, and its income adjustment effect is positively 
related to the overall planning level and intensity of the 
system. The income redistribution effect of the system is 
the transfer of high-income groups to low-income groups, 
the transfer of the young generation to the elderly genera-
tion, the transfer of female insured persons to male insured 
persons, and the transfer of non-state-owned economic 
units to state-owned economic units.

The Stability and Sustainability of Basic 
Pension Insurance Funds
The stability of the basic pension insurance fund system 
interacts with economic growth fluctuations and demo-
graphic changes. In recent years, due to the gradual 
aging trend of the population and the fluctuation of eco-
nomic growth, the stability and sustainability of the basic 
pension insurance fund system have received increasing 
attention from government officials, academic scholars, 
and individuals.7 For example, Sun, Nu and Xian (2020) 
simulated and predicted the short-term (2020–2025) and 
medium-term (2025–2050) effect of poverty alleviation 
policy on the sustainability of China’s basic old-age insur-
ance for urban and rural residents by establishing an 
actuarial model for the basic pension insurance for urban 
and rural residents in China.1 They found that under the 
current economic development and current policy condi-
tions, with the decrease of the total population and the 
deepening of the aging of the population, the sustainability 
of the fund will inevitably encounter challenges.

In addition, Tian and Zhao (2016) used the Monte 
Carlo stochastic method to protect the dynamic process 
of the financial sustainability of the basic pension from 
2013 to 2087 by 5000 times simulations.8 The prediction 
results indicate that the imbalance of the basic pension will 
occur in 2026. While Vukorepa (2015) proposed that in 
countries with high budget and pension system’s deficits, 
unfavourable dependency ratios, long-term negative 

natural increase rates, low employment and high unem-
ployment rates, the financial sustainability and adequacy 
of basic pension insurance will be lower.9

Active Aging Research and Policies to 
Delay Retirement
With social development, countries around the world are 
gradually facing the problem of aging population structure, 
and aging is seen as a challenge and threat to economic 
and social development. Polidano et al (2020) proposed 
that governments are responding to financial pressures 
related to an aging population and increasing the age of 
eligibility for publicly-funded retirement benefits.10 And 
Chen (2017) established a general analysis framework for 
the impact of the policies to delay retirement on China’s 
basic pension income and expenditure, and found that 
policies of delaying retirement may not always have 
a positive and beneficial effect on alleviating the pension 
payment dilemma of pension payment.11 Additionally, 
Wang, Huang and Yang (2019) assessed the impact of 
recent reforms on the financial sustainability of China’s 
Urban Employees’ Pension Insurance (UEPP) and found 
that additional policy measures need to be designed to 
encourage childbirth and the postpone of retirement, 
including family support policies and carefully designed 
pension system reform policies.7

In summary, the existing research on the operating 
efficiency of basic pension insurance funds mainly focuses 
on the following three aspects: (1) the establishment of 
actuarial models to measure the income redistribution of 
basic pension insurance funds; (2) the establishment 
of predictive models to analyze the sustainability of 
China’s basic pension insurance funds; (3) the evaluation 
of the effect of the active aging research and policies to 
delay retirement on basic pension insurance. However, 
there are still relatively few studies on measuring and 
evaluating the operating efficiency based on the micro- 
level. Among them, the revision and improvement of the 
three-stage DEA model is still an important research direc-
tion in the field of efficiency research. Therefore, this 
study quantitatively evaluates the operating efficiency of 
the basic pension insurance system, using the panel three- 
stage DEA model to measure and assess the operating 
efficiency of China’s basic pension insurance funds from 
2014 to 2019 in 31 provinces in China. This paper timely 
grasps its operating status and discovers the existing pro-
blems, which have important practical significance for 
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improving the operating capacity of the basic pension 
insurance system and promoting the sustainable develop-
ment of the basic pension insurance system.

Materials and Methods
The Construction of Three-Stage DEA
Generally, there are several methods to measure the effi-
ciency. Based on whether these methods are parametric or 
non-parametric, they are divided into two parts: (1) 
Stochastic Frontier Analysis (SFA), Distribution Free 
Analysis (DFA), Thick boundary Function Analysis 
(TFA) and Thick Recursive Frontier Analysis (TRFA); 
(2) Data Envelopment Analysis (DEA) and Free Disposal 
Hull (FDH).

Compared with other methods, DEA is suitable for 
multi-input and multi-output, and is widely used in prac-
tice. In 1978, A. Charnes12 first proposed the first DEA 
model CCR. DEA is a quantitative method often used to 
study complex systems’ operating efficiency and evaluate 
the relative effectiveness of comparable units in the same 
type through linear programming, which is suitable for our 
research perfectly. SFA is a function of input, output and 
environmental factors, which is affected by random error 
and inefficiency. This method is widely used in practice 
because it can effectively distinguish inefficient items from 
error items. Still its limitation is that it can only measure 
the performance of single output.13 The three-stage DEA 
model is proposed by Fried et al (2002), which incorpo-
rates environmental factors and other random factors into 
the model. And the model which combines DEA with SFA 
can avoid the disadvantage that DEA is easily interfered 
by random error terms, and that’s also why we use it in 
this paper.

This study used the information contained in the slack 
variable to adjust the input (or output) variables is mainly 
applied in this article to study the operating efficiency of 
China’s basic pension insurance fund.12 The adjusted 
inputs (or outputs) of each decision-making unit overcome 
the shortcomings of the traditional DEA model, and filter 
the influence of external environmental effects and random 
factors on the efficiency evaluation, resulting in obtaining 
a more accurate and true efficiency status of the decision- 
making unit.

In the first stage of this model, the input-oriented BCC 
model is used to calculate the technical efficiency (TE), 
pure technical efficiency (PTE), and scale efficiency (SE) 
of each decision-making unit (DMU). TE is 

a comprehensive measurement and evaluation of the 
resource allocation ability and resource utilization effi-
ciency of the DMU; PTE is the production efficiency due 
to factors such as management and technology, and the SE 
is the production efficiency due to the influence of scale 
factors. And there is a following relationship between 
them, that is, TE=PTE*SE. When the TE is equal to 1, it 
means that the DMU is technically effective; when the TE 
is less than 1, it means that the DMU has not yet reached 
the production optimization. The BCC model can be 
expressed as:

min θ � ε eT S� þ eT Sþ
� �� �

¼ TE 

∑
n

i¼1
Xiλi þ S� ¼ θXi0 (1) 

∑
n

i¼1
Yiλi � Sþ ¼ Yi0 

In order to further explore whether the overall operating 
inefficiency of the basic pension insurance is caused by 
pure technical inefficiency or scale inefficiency, we add 
a constraint condition to the CCR model and obtain the 
BCC model based on the assumption of variable scale return.

min θ � ε eT S� þ eT Sþ
� �� �

¼ PTE 

∑
n

i¼1
Xiλi þ S� ¼ θXi0 

∑
n

i¼1
Yiλi � Sþ ¼ Yi0 (2) 

∑
n

i¼1
λi ¼ 1 

Where λi≧0, i=1, 2, 3, …,n; S+≧0, S−≧0; In equation (1) 
and (2), θ represents the effective value of the decision- 
making unit, S+, S− and e represent input slack variables, 
residual variables and non-Archimedean infinitesimals, 
respectively. X and Y respectively represent the input and 
output combinations related to the operating efficiency of 
the basic pension insurance fund, and λi represents the 
weight of the ith decision-making unit.

In the second stage, we use the SFA method to filter 
out the influence of environmental factors and managerial 
inefficiency, so that all decision-making units are in the 
same external environment, and the explained variables 
are the input redundancy in the first stage result, and the 
explanatory variables are the mixed error terms and 
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environment variables. Therefore, the established SFA 
model is as follows:

Sni ¼ f zi; βnð Þ þ vn;þμni; i ¼ 1; 2; � � � ; I; n ¼ 1; 2; � � � ;N
(3) 

Where Sni represents the slack value of the nth input of the 
ith decision-making unit, and Zi represents the environmen-
tal variable. The coefficient of the environmental variable 
is βn, the mixed error term is Vni+µni, and the random 
interference is Vni and managerial inefficiency is µni. The 
random error term V~N(0, σv

2) can be represented as the 
influence of random interference factors on the input slack 
variable. Managerial inefficiency µ is the influence of 
factors on the input slack variable, and it is assumed that 
µ~N+(0, σv

2) is expressed as a normal distribution function 
truncated at zero.

In the third stage, the traditional DEA-BCC model is 
also adopted to measure the technical efficiency, pure 
technical efficiency and scale efficiency again. At this 
time, the efficiency has eliminated the influence of envir-
onmental factors and random interference, which is rela-
tively real and accurate.

Indicator Selection, Environment 
Variables and Data Source
Input and Output Indicators
In the analysis of the operating efficiency of China’s basic 
pension insurance fund, the selection of input and output 
indicators is the key to evaluation, and different combina-
tions of factors often produce certain differences in the 
output of the results.15 It will cause duplication of infor-
mation and interference with each other if we select many 
indicators. Instead, it is a lack of sufficient representative-
ness that the selected indicators are not comprehensive 
enough. So the evaluation index system should be estab-
lished on the basis of the principles of systemicity, con-
sistency, independence, feasibility, and comparability. In 
addition, it is indispensable to fully consider the overlap 
between indicators to prevent the results from being 
biased and misleading as designing indicators. In order 
to ensure the accuracy of the calculation of the operating 
efficiency of China’s basic pension insurance fund, we 
found through literature review that the input indicators 
mainly include income supplement, the growth rate of 
wage, and the number of people insured. Output indicators 
mainly include fund expenditure and accumulated fund 
balance. Based on previous research results and the actual 
situation of China’s basic pension insurance fund, this 

paper finally selects fund income and the number of 
insured persons as input indicators, and fund expenditure 
and number of recipients as output indicators (see 
Table 1).16–24

Environment Variables
The selection of environmental variables based on the 
separation hypothesis is crucial to the three-stage DEA. 
They are supposed to have a certain degree of impact on 
the operating efficiency of China’s basic pension insurance 
fund, but they cannot have a subjective control effect on 
the sample. Taking into account the characteristics of 
China’s basic pension insurance fund and the research 
results of related scholars, this article takes the log of 
economic development level of each region (GDP), urba-
nization level, the dependency ratio of the elderly popula-
tion, and the scale of government public expenditure as 
environmental variables that affect China’s basic pension 
insurance fund.

Regional economic development level. The regional 
GDP growth rate is used to characterize the changes in 
the level of regional macroeconomic development. The 
operation of the basic pension insurance system is insepar-
able from government financial subsidies and support, and 
has a certain connection with the development of the 
regional macro-economy. At the same time, the study 
found that the level of regional economic development 
and the performance of government public service attacks 
also have a great relationship.2

The level of urbanization. The level of urbanization is 
the degree of urbanization in a region, usually expressed as 
the percentage of the city population and town population 
to the total population.25 On the one hand, urbanization is 
often accompanied by the agglomeration of capital and 
labor in various cities and towns. This clustering effect 
will promote local employment and economic develop-
ment, promote residents’ income levels. Additionally, it 
will provide better material conditions to local financial 
subsidies and individual contributions. For example, the 
level of urbanization has a very significant positive impact 
on the financial performance of the basic pension insur-
ance for urban and rural residents. On the other hand, the 
level of urbanization is conducive to promoting the trans-
formation of rural residents’ subjective consciousness to 
citizens. It can also attract urban and rural residents to join 
the public service of basic pension insurance.

The old-age dependency ratio. We used the old-age 
dependency ratio to measure the impact of aging on the 

Risk Management and Healthcare Policy 2021:14                                                                              https://doi.org/10.2147/RMHP.S320479                                                                                                                                                                                                                       

DovePress                                                                                                                       
3337

Dovepress                                                                                                                                                                 Li et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


operating efficiency of the basic pension insurance fund. 
The demographic structure will have a certain impact on 
the operating efficiency of the basic pension insurance 
system.26 As China’s aging degree continues to rise, meet-
ing the public’s needs is the starting point and end point 
for the government to provide public services. The 

public’s social security needs are closely related to various 
demographic factors. And the scale effect formed by popu-
lation agglomeration is conducive to reducing the regula-
tory cost of public services provided by the government in 
the region, it may affect the operating efficiency of China’s 
pension insurance fund to a certain extent.8

Table 1 Summary of Inputs and Outputs About Basic Pension Insurance

Research Evaluated DMUs Inputs and Outputs

Reference 
Number

Author Region Period 
of 

Study

No. of 
DMUs

Methods Inputs Outputs

[16] Riumallo- 

Herl et al 

(2019)

Mexico 2008– 

2012

2324 An Individual 

Fixed- effects 

Difference- in- 
difference 

Approach

Income, Supplement Healthcare use patterns, Out- 

of- pocket, Expenditures and 

Health Insurance Uptake 
Patterns

[17] Zavra et al 

(2002)

USA 1999 133 Dynamic 

Network DEA

Personnel, and the 

Number of People 

Covered by Each 
Health Center

The Utilization of Services

[18] Abruquah 
et al (2019)

China 2015 3815 Ordered Logit 
Estimation

Good Health, Personal 
Financing, Wealth 

Management

The Life Satisfaction of 
Retired Urban Residents

[19] Oikonomou 

et al (2015)

Greece 2010 42 Restricted DEA 

Model

Medical Personnel, 

Nursing Personnel and 

Technological 
Equipment

Acute, Chronic and 

Preventive Consultations

[20] Yang (2018) China 2015 31 SBM-DEA Model Number of Insured, 
Basic Pension Fund 

Income, Number of 

Retirees

Basic Pension Fund 
Expenditure, Accumulated 

Balance of Basic Pension Fund

[21] Han and 

Meng (2021)

China 2011 31 Data Analysis Average Wage Level, 

Aging Population, Fiscal 
Revenue as 

a Percentage of GDP

Fund’s Revenue

[22] Khushalani 

and Ozcan 

(2017)

USA 2009– 

2013

1259 Dynamic 

Network DEA

Number of Beds, Total 

Number of Non- 

physician FTEs

Total Number of Surgeries, 

Emergency Visits and 

Outpatient Visits

[23] Sultan and 
Crispim 

(2018)

Palestini-an 2010– 
2015

11 Two-stage DEA Full-time employees, 
The Number of 

Hospital Beds, Other 

Resources

Total Number of Annual Care 
Days, Total Number of Annual 

Visits, Total Annual Number 

of Cases

[24] Flokou et al 

(2017)

Greece 2009– 

2013

107 Window-DEA Total Hospital Beds, 

Full Time Equivalent 
Physicians, Other Staff

Inpatient Cases, Operations, 

Outpatient Visits

Abbreviations: DMUs, decision making units; DEA, data envelopment analysis.
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The scale of government public expenditure. The level of 
regional public financial expenditure is measured by the ratio 
of local public financial expenditure to regional GDP. 
Financial subsidy income has always been the main compo-
nent of the basic pension insurance fund income, which will 
affect the scale and efficiency of rural social security fiscal 
expenditures in various regions to a certain extent.1 So 
changes in the level of local public financial expenditures are 
also related to the total amount of basic pension insurance 
funds.

Data Source
This paper studies the operating efficiency of basic pen-
sion insurance funds in 31 provinces in China from 2014 
to 2019. The data of input, output indicators and environ-
mental variables are derived from this year’s “China 
Statistical Yearbook” and statistical yearbooks of various 
provinces (see Table 2). In order to further analyze the 
differences in the operating efficiency of basic pension 
insurance funds in various regions of China, this paper 
divides China’s 31 provincial administrative units into 
Eastern, Central and Western regions.

Analysis of Empirical Results
Correlation Analysis
It is necessary to perform a correlation test on the inputs and 
outputs to determine whether the two influence each other, 
as we use the three-stage DEA model to analyze. From the 
results of the estimated correlation coefficients, the correla-
tions between all input indicators and output indicators are 
greater than 0.66. They are significantly correlated at the 
0.01 significance level, indicating that inputs and outputs 

have a high correlation, which meets the DEA model’s 
requirements for data equivariance. The Pearson correlation 
matrix of input-output data indicators is shown in Table 3.

Results of the DEA Model at Stage 1
The DEAP 2.1 was used to analyze the original inputs and 
outputs, assuming that the return to scale is variable. 
Moreover, the input-oriented BCC model was used to 
measure the technical efficiency, scale efficiency and 
pure technical efficiency of the basic pension insurance 
funds in 31 provinces from 2014 to 2019. Overall, China’s 
basic pension insurance fund has a good operating effi-
ciency during the sample years. The average values of TE, 
PTE and SE are 0.855, 0.910 and 0.941, respectively. 
There is still a lot of room for improvement. As shown 
in Table 4, in all provinces, Jilin and Shanghai have 
maintained a technical efficiency of 1.000 in 6 years; that 
is, they are at the forefront of technical efficiency and are 
efficient. Other provinces have room for improvement in 
terms of PTE and SE. From a regional perspective, the 

Table 2 Descriptive Analysis of Inputs, Outputs and Environmental Variables

Variables Mean Standard 
Deviation

Minimum Median Maximum

Inputs Fund Income (100 Million RMB) 1377.02 1018.11 29.20 1117.80 5877.50

Number of Insured persons (10 Thousand 
People)

2909.51 2003.09 156.10 2454.35 7935.60

Outputs Fund Expenditure (100 Million RMB) 860.10 18.40 1014.05 4011.60 860.10

Number of Recipients (10 Thousand People) 564.67 13.20 678.55 2243.80 564.67

Environmental 

Variables

Log (GDP) (100 Million RMB) 4.27 0.42 2.96 4.31 5.03

Urbanization Level (%) 58.31 12.36 25.75 56.79 89.60

Dependency Ratio of the Elderly Population (%) 14.74 3.43 7.01 14.41 23.82

Scale of Government Public Expenditure (%) 29.03 21.38 11.98 23.83 137.92

Table 3 Correlation Analysis of Inputs and Outputs

Fund 
Expenditure

Number of 
Recipients

Fund 
Income

Insured 
Persons

Fund Expenditure 1

Number of 

Recipients

0.756*** 1

Fund Income 0.889*** 0.682*** 1

Insured Persons 0.668*** 0.941*** 0.682*** 1

Note: ***Indicates significant p values at the 1%.
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average technical efficiency of China’s Eastern, Central 
and Western are 0.841, 0.909 and 0.830, respectively, 
showing a situation of Central>Eastern>Western, and the 
average technical efficiency of Eastern and Western 
regions has not reached the national average.

Table 4 shows the technical efficiency of China’s basic 
pension insurance fund from 2014 to 2019 without considering 
the impact of environmental factors and random factors, and 
does not truly reflect the actual situation. Due to the objective 
differences in the level of economic and social development in 
various regions, the external environment faced by the basic 
pension insurance funds in various regions is also quite 

different. The efficiency value measured in the first stage 
includes the impact of external environmental variables and 
random errors on the efficiency value. Therefore, it is neces-
sary to re-measure and evaluate the operating efficiency of 
China’s basic pension insurance fund after excluding the influ-
ence of environmental factors and random interference factors.

Results of the SFA Model at Stage 2
At stage 2, the explained variables are the redundant inputs 
inferred from the traditional DEA model at stage 1, and the 
explanatory variables are four environmental indicators. 
Through the Frontier 4.1, the influence of environmental 

Table 4 Technical Efficiency of China’s Basic Pension Insurance from 2014 to 2019

Region Province 2014 2015 2016 2017 2018 2019 Mean

Eastern China Beijing 0.669 0.616 0.734 0.635 0.617 0.575 0.641
Tianjin 1 1 1 0.988 0.995 0.957 0.99

Hebei 0.945 0.991 0.944 0.977 0.941 0.902 0.95
Shanxi 0.936 0.963 0.982 0.994 1 1 0.979

Shanghai 1 1 1 1 1 1 1

Jiangsu 0.868 0.904 0.881 0.893 0.896 0.876 0.886
Zhejiang 0.728 0.789 0.842 0.856 0.838 0.821 0.812

Fujian 0.81 0.818 0.784 0.831 0.876 0.629 0.791

Shandong 0.852 0.828 0.859 0.95 0.979 1 0.911
Guangdong 0.585 0.527 0.508 0.526 0.541 0.536 0.537

Hainan 0.888 0.809 0.74 0.718 0.729 0.634 0.753

Mean 0.844 0.840 0.843 0.852 0.856 0.812 0.841

Central China Shanxi 0.77 0.846 0.791 0.745 0.854 0.693 0.783
Jilin 1 1 1 1 1 1 1

Heilongjiang 1 1 1 1 1 0.983 0.997

Anhui 0.904 0.945 0.984 1 0.861 0.677 0.895
Jiangxi 0.884 0.871 0.895 0.863 0.902 0.728 0.857

Henan 0.961 1 1 1 1 0.653 0.936

Hubei 0.912 0.917 0.945 0.909 0.98 0.811 0.912
Hunan 0.921 0.951 0.957 0.963 0.887 0.684 0.894

Mean 0.919 0.941 0.947 0.935 0.936 0.779 0.909

Western China Inner Monglia 0.883 0.874 0.862 0.843 0.87 0.869 0.867
Guangxi 1 1 0.933 0.941 0.952 0.752 0.93

Chongqing 0.949 0.944 0.958 0.892 0.971 0.726 0.907
Sichuan 1 1 0.942 0.921 1 0.839 0.95

Guizhou 1 1 1 0.872 0.876 0.663 0.902

Yunnan 0.857 0.9 0.803 0.759 0.876 0.61 0.801
Tibet 0.642 0.676 0.491 0.515 0.729 0.433 0.581

Shannxi 0.87 0.924 0.869 0.83 0.884 0.685 0.844
Gansu 0.837 0.95 0.928 0.972 0.945 0.645 0.88

Qinghai 0.855 0.878 0.791 0.83 0.86 0.606 0.803

Ningxia 0.886 0.794 0.698 0.751 0.765 0.642 0.756
Xinjiang 0.738 0.705 0.868 0.804 0.759 0.591 0.744

Mean 0.876 0.887 0.845 0.828 0.874 0.672 0.830

Mean of all provinces 0.876 0.885 0.871 0.864 0.883 0.749 0.855
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variables is estimated using the maximum likelihood estima-
tion (MLE). The regression analysis results of the SFA 
model (as shown in Table 5) show that the four environ-
mental indicators pass the 1% level of significance test, 
which shows the rationality of the environmental indicators 
selected in this paper. As a result, in order to further adjust 
the input variables, it is crucial to eliminate the influence of 
environmental factors on the redundancy of input variables 
through SFA analysis.

The Log of Each Region’s Economic Development 
Level GDP
The regression results show that the regression coefficients 
of the log of GDP, redundancy of fund income and the 
redundancy of the number of insured are all negative, and 
they have passed the 1% significance test. It indicates that 
the increase in fund income and the number of insured is 
conducive to the rapid development of China’s pension 
insurance, that is, the regional macroeconomic develop-
ment level is beneficial to promoting the efficiency of 
China’s pension insurance fund operation.

The Level of Urbanization
The urbanization level had a negative relationship with the 
slack variables of fund income and the slack variables of 
the number of insured.The convergence of production 
factors caused by urbanization can not only promote the 
rapid development of the regional economy, but also eases 
the pressure of local finance to subsidize pension insur-
ance. In addition, people’s demand for this typical public 
service is even stronger. And the transformation increases 
the coverage of basic pension insurance, which is 

conducive to promoting the efficiency of the basic pension 
insurance system.

The Old-Age Dependency Ratio
This variable has a positive relationship with the slack 
variable of fund income and the number of insured. And 
both relationships have passed the significance test of 1%. 
The results show that the old-age dependency ratio is not 
conducive to promoting the efficiency of the basic pension 
insurance fund. The reason may be due to the increase in 
the old-age dependency ratio and the increased pressure on 
the operation of the fund. However, However, the manage-
ment level and scale efficiency of the fund have not been 
significantly improved, which has exacerbated the phe-
nomenon of fund investment redundancy. Therefore, the 
larger the dependency ratio of the elderly population, the 
less conducive to the improvement of the efficiency of 
fund utilization.

The Scale of Government Public Expenditure
The scale of government public expenditure had negative 
relationship with the slack variable of fund income and the 
slack variable of the number of insured at the 1% level of 
significance.This means that the level of government pub-
lic expenditure is conducive to promoting the efficiency of 
the basic pension insurance system. This is because gov-
ernment public expenditures are mainly used for subsidies 
in basic pension insurance, and the increase in government 
expenditure levels is conducive to residents’ participation 
in insurance, increasing the subsidy of the basic pension 
insurance fund, thereby improving the operating efficiency 
of the basic pension insurance fund.

Results of the DEA Model at Stage 3
We use DEAP 2.1 to analyze the adjusted input-output 
data using the BCC-DEA model, and obtain the true 
efficiency of the basic pension insurance fund in 31 pro-
vinces of China. On the basis of the adjusted input variable 
values obtained in the second stage, we replace the raw 
input value at stage 1 and again use the input-oriented 
BCC model to measure efficiency under the unified fron-
tier, and obtain the operating efficiency of basic pension 
insurance fund for each province at stage 3. It can be seen 
from Table 6 that after removing the influence of environ-
mental factors and random interference, it is found that 
there is a certain deviation in the measurement results of 
the two stages, which indicates that it is meaningful to 
construct the SFA model for estimation at stage 2.

Table 5 Results of the SFA Model at Stage 2

Variables Slack of 
Fund 

Income

Slack of the Number 
of Insured Persons

Constant 3151.8902*** 5502.6009***

Log (GDP) −722.98018*** −1663.3359***
Urbanization Level −1101.1538*** −985.28031

Dependency Ratio 2770.4783*** 10,917.413***

Scale of Government 
Public Expenditure

−795.40871*** −950.33456***

σ2 118,417.81*** 31,995.433***
γ 0.52499513*** 12.764522***

Log likelihood −1305.1259*** −1397.4159***

Likelihood Ratio 29.303176*** 42.308465***

Note: ***Indicates significant p values at the 1%.
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Technical Efficiency of Basic Pension Insurance Funds
After excluding the external environment and random 
influencing factors, the average comprehensive technical 
efficiency of basic old-age insurance funds in various 
provinces and cities decreased from 0.855 to 0.632, with 
a decrease of 26.082%. From Figure 1, it can be seen that 
only Liaoning and Shandong provinces have increased 
overall efficiency, while the overall efficiency of the 
remaining regions has decreased to varying degrees in 

the third stage. Among them, the four provinces of 
Hainan, Tibet, Qinghai and Ningxia have adjusted their 
overall efficiency. The efficiency value is very low, respec-
tively 0.270, 0.085, 0.240 and 0.250, especially in Tibet, 
only 0.085, a drop of 85.370%; while Liaoning increased 
from 0.979 to 1, which is the only province at the frontier 
of efficiency among 31 provinces, indicating that the 
operation efficiency of basic pension insurance fund in 
Liaoning province is very stable. This also shows that 

Table 6 Results of Stage 1 and Stage 3

Region Results of Stage 1 Results of Stage 3

TE PTE SE RS TE PTE SE RS

Eastern China Beijing 0.641 0.651 0.983 irs 0.464 0.582 0.793 irs
Tianjin 0.990 1.000 0.990 irs 0.515 0.766 0.656 irs

Hebei 0.950 0.966 0.983 irs 0.914 0.958 0.954 irs

Liaoning 0.979 1.000 0.979 – 1.000 1.000 1.000 –
Shanghai 1.000 1.000 1.000 – 0.843 0.879 0.962 irs

Jiangsu 0.886 0.996 0.890 drs 0.858 0.981 0.877 drs

Zhejiang 0.812 0.898 0.907 drs 0.747 0.812 0.918 drs
Fujian 0.791 0.804 0.985 irs 0.498 0.756 0.648 irs

Shandong 0.911 1.000 0.911 – 0.984 1.000 0.984 –

Guangdong 0.537 0.649 0.865 drs 0.486 0.591 0.892 drs
Hainan 0.753 0.895 0.841 irs 0.270 0.954 0.283 irs

Mean 0.841 0.896 0.939 0.689 0.843 0.815

Central China Shanxi 0.783 0.791 0.990 irs 0.563 0.753 0.734 irs
Jilin 1.000 1.000 1.000 – 0.614 0.880 0.688 irs

Heilongjiang 0.997 0.999 0.998 irs 0.897 0.973 0.919 irs
Anhui 0.895 0.908 0.985 drs 0.738 0.854 0.852 irs

Jiangxi 0.857 0.867 0.988 irs 0.620 0.848 0.727 irs

Henan 0.936 0.962 0.968 drs 0.908 0.913 0.990 irs
Hubei 0.912 0.939 0.971 drs 0.810 0.862 0.935 irs

Hunan 0.894 0.926 0.966 drs 0.789 0.877 0.894 irs

Mean 0.909 0.924 0.983 0.742 0.870 0.842

Western China Inner Monglia 0.867 0.890 0.975 irs 0.551 0.814 0.672 irs
Guangxi 0.930 0.939 0.990 irs 0.675 0.895 0.749 irs

Chongqing 0.907 0.918 0.988 irs 0.646 0.900 0.711 irs

Sichuan 0.950 0.997 0.953 drs 0.905 0.911 0.991 irs
Guizhou 0.902 0.921 0.977 irs 0.558 0.926 0.600 irs

Yunnan 0.801 0.817 0.979 irs 0.543 0.819 0.661 irs

Tibet 0.581 1.000 0.581 irs 0.085 1.000 0.085 irs
Shannxi 0.844 0.851 0.991 irs 0.618 0.826 0.742 irs

Gansu 0.880 0.918 0.956 irs 0.494 0.949 0.516 irs

Qinghai 0.803 0.970 0.826 irs 0.240 0.991 0.242 irs
Ningxia 0.756 0.958 0.789 irs 0.250 0.994 0.252 irs

Xinjiang 0.744 0.774 0.959 irs 0.500 0.756 0.655 irs

Mean 0.830 0.913 0.914 0.505 0.898 0.573

Mean of all Provinces 0.855 0.910 0.941 0.632 0.872 0.728

Abbreviations: TE, technical efficiency; PTE, pure technical efficiency; SE, scale efficiency; RS, return to scale.

https://doi.org/10.2147/RMHP.S320479                                                                                                                                                                                                                                

DovePress                                                                                                                                      

Risk Management and Healthcare Policy 2021:14 3342

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


there are great differences in the operational efficiency of 
basic pension insurance funds in different regions of 
China. The efficiency levels of Jilin and Shanghai pro-
vinces have declined and are no longer at the forefront of 
efficiency, indicating that the efficiency values of the first 
stage of these two regions may be related to their external 
environment and business luck, and cannot reflect their 
true management levels. Since TE=PTE*SE, we will con-
tinue to analyze the two parts of pure technical efficiency 
and scale efficiency.

Pure Technical Efficiency of Basic Pension Insurance 
Funds
As shown in Figure 2, compared with the comprehensive 
technical efficiency, the number of provinces with pure 
technical efficiency has increased significantly. Before 

the index adjustment, Tianjin, Liaoning, Shanghai, 
Shandong, Jilin and Tibet achieved technical efficiency. 
After the adjustment, only Liaoning, Shandong and Tibet 
achieved pure technical efficiency and the rest were tech-
nically ineffective. This shows that the basic endowment 
insurance funds in Liaoning, Shandong and Tibet are at the 
current technical level. The use of its input resources is 
efficient. The fundamental reason why Shandong and 
Tibet fail to achieve comprehensive efficiency is that 
their scale is ineffective. Therefore, the focus of its reform 
lies in how to give full play to its scale benefits. In 
addition, after adjustment, there are six provinces and 
cities with improved pure technical efficiency, namely 
Hainan, Guizhou, Yunnan, Gansu, Qinghai and Ningxia. 
It is noted that except Yunnan, the pure technical 

Figure 1 Radar chart of technical efficiency.
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efficiency is 0.819, and the efficiency values of the other 
five regions are all above 0.900, which shows that the 
management and technical level of basic old-age insurance 
funds in these regions are better and have certain 
advantages.

Scale Efficiency of Basic Pension Insurance Funds
After excluding the external environment and random 
influencing factors, the average scale efficiency of 31 
provinces’ basic pension insurance funds decreased from 
0.941 before adjustment to 0.728 after adjustment. The 
changes in scale efficiency of various provinces are 
shown in Figure 3. Before the indicator adjustment, 
Shanghai and Jilin reached technical efficiency. After the 
indicator adjustment, the two regions became technically 
ineffective. Instead, Liaoning became the only province in 

the country that achieved scale efficiency and technically 
effective. In addition, in addition to Liaoning, the scale 
efficiency of five provinces and cities has increased, 
namely Zhejiang, Shanghai, Guangdong, Henan and 
Sichuan, and the efficiency values are all at a relatively 
high level, indicating that their fund scales are more rea-
sonable. The gap in the optimal scale of operation is not 
large. However, in sharp contrast, the four provinces of 
Hainan, Tibet, Qinghai, and Ningxia had extremely low 
SE in the third stage, which eventually led to them becom-
ing the four regions with the lowest overall efficiency of 
the basic pension insurance fund in the country, 
even if they perform well in pure technical efficiency, 
and they cannot make up for their shortcomings in scale 
efficiency. The reason is that their economic development 
is relatively backward, resulting in insufficient scale and 

Figure 2 Radar chart of pure technical efficiency.
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low scale efficiency of the basic pension insurance fund. 
Therefore, these areas should pay attention to the reason-
able allocation of resources and improve the efficiency 
of use.

Regional Distribution of Technical Efficiency in 
China’s Basic Pension Insurance Funds
Based on China’s economic development level and geo-
graphic location, combined with long-term evolution, we 
can divide China as a whole into three major economic 
regions, namely the Central, the Eastern and the 
Western.

From a regional perspective, the average comprehensive 
technical efficiency of the Eastern, Central, and Western at 
stage 3 are 0.689, 0.742 and 0.505 respectively, which are 
consistent with the conclusions from stage 1, and still 

present a pattern of Central> Eastern> Western. As shown 
in Figure 4, the average decline in TE in the Western region 
was the most obvious, followed by the Central region. The 
reason is that the higher pure technical efficiency and scale 
efficiency of the Central region ensure the leading compre-
hensive technical efficiency, which matches the economic 
strength and financial resources of the Central region. The 
operating efficiency of the basic pension insurance system 
in the Central region is better than that in the Eastern region. 
The possible explanation is that compared with the Eastern 
region, the Central region has received more central fiscal 
transfer payments in terms of social security and people’s 
livelihood in recent years. In addition, in terms of subsidies 
for basic pension insurance, compared with the Eastern 
region, the Central region has a higher subsidy standard 
for individual contribution, which is more attractive to the 

Figure 3 Radar chart of scale efficiency.
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insured objects. The efficiency value calculation results of 
the two stages both show that lower scale efficiency is the 
key to restricting the efficiency improvement in the Eastern 
region, indicating that the investment in the basic pension 
insurance system in the Eastern region has not yet reached 
the optimal scale, and further measures need to be taken to 
achieve the goal of assuring all those should be assured, 
such as strengthening policy publicity and increasing fund 
income. From the national average pure technical effi-
ciency, from 0.910 at stage 1 to 0.872 at stage 3, the drop 
was 4.18%. From the perspective of the average pure tech-
nical efficiency of the region, the average PTE of the 
Eastern, Central, and Western at stage 3 are 0.843, 0.87, 
and 0.898, respectively, and the Eastern and Central are 
both lower than the national average. From the perspective 
of scale efficiency, the average SE of the Eastern, Central, 
and Western at stage 3 are 0.815, 0.842, and 0.573 respec-
tively. Only the Western region is lower than the national 
average. Lower scale efficiency is still the main reason 
restricting the efficiency improvement of the Western 
region.

Conclusions and Suggestions
The three-stage DEA model is used to analyze China’s 
basic pension insurance fund. This study used fund income 
and number of participants as input indicators, fund expen-
diture and number of recipients as output indicators, and 
calculated the operational efficiency, pure technical effi-
ciency, and scale efficiency of China’s 31 provinces from 
2014 to 2019. On the whole, the operating efficiency of 
China’s basic pension insurance is at a relatively low level, 
but there is still a lot of room for efficiency improvement.

Comparing the efficiency of the first stage, environ-
mental factors and random interference have a significant 
impact on the operating efficiency of the basic pension 
insurance. After excluding the influence of environmental 
factors, the average values of technical efficiency, pure 
technical efficiency, and scale efficiency in each region 
decreased significantly. Therefore, when using the DEA 
model to calculate the actual efficiency, it is necessary to 
exclude the influence of environmental variables and ran-
dom errors.27 From a regional perspective, the operating 
efficiency of funds in various regions differs significantly, 

Figure 4 Technical efficiency distribution in different regions.
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showing a pattern of Central (0.742) > Eastern (0.689) > 
Western (0.505). The low technical efficiency of the 
Western region is mainly restricted by the low scale effi-
ciency, and there is still a relatively low pure technical 
efficiency. Regression results indicated that there was 
a positive relationship between the economic development 
level, urbanization level, government public expenditure 
and the operating efficiency of the basic pension insur-
ance. The old-age dependency ratio, however, showed the 
opposite effect.

This study has certain management enlightenment and 
guiding significance for improving the operating efficiency 
of China’s basic pension insurance funds. In order to 
further optimize the allocation of operating resources and 
improve operating efficiency, we propose the following 
countermeasures and suggestions. Resource allocators 
should balance the allocation of relevant resources, and 
allow resources to be tilted to the Western and other areas 
on the basis of reasonable allocation, so as to maximize 
the use of resources. At the same time, the proportion and 
scale of resource allocation should be rationally planned 
with full consideration of factors affecting the elderly, such 
as the level of economic development, urbanization, gov-
ernment public expenditure and dependency ratio.

The government should improve the investment efficiency 
and broaden the investment channels of basic pension insur-
ance funds. And, it is also necessary to improve the laws and 
regulations on the operation and management of basic pension 
insurance, improve the transparency in the use of funds, and 
strengthen disclosure obligations of managers and custodians. 
More importantly, the regulatory authorities also need to unify 
supervision of basic pension insurance funds, reduce decen-
tralization management, and ultimately improve the overall 
operation efficiency of the basic pension insurance.
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